Performance measures for contracting companies: a study of the Arab Contractors Company by Ismail I. Osman (7181816)
 
 
 
This item is held in Loughborough University’s Institutional Repository 
(https://dspace.lboro.ac.uk/) and was harvested from the British Library’s 
EThOS service (http://www.ethos.bl.uk/). It is made available under the 
following Creative Commons Licence conditions. 
 
 
 
 
 
For the full text of this licence, please go to: 
http://creativecommons.org/licenses/by-nc-nd/2.5/ 
 
PERFORMANCE MEASURES FOR CONTRACTING COMPANIES 
(A study of the Arab Contractors Company) 
Eng. Ismail Ibrahim Osman 
Chairman & CEO of the Arab Contractors, 
Osman A. Osman & Co 
A DOCTORAL THESIS 
SUBMITTED IN PARTIAL FULFILMENT OF THE 
REQUIREMENTS FOR THE AWARD OF 
DOCTOR OF PHILOSOPHY 
OF THE LOUGHBOROUGH UNIVERSITY 
Director of Research: Prof. Anthony Thorpe 
Supervisors:. Dr. Andrew Baldwin 
Prof. Ronald McCaffer 
External Supervisor: Prof. Refaat Abdel-Razek 
BEST COPY 
AVAILABLE 
Variable print quality 
DEDICATION 
To my small family 
and to my large family 
The Arab Contractors, Osman A. Osman & Co. 
C: \IBDUtIFMTOSMAMC1lMýUfeJ ý'- 
ACKNOWLEDGEMENTS 
I would like to thank all those who helped with the work undertaken in 
this research, especially my supervisors: Prof Ronald McCaffer, Prof 
Andrew Baldwin, and Prof Refaat Abdel-Razek, for their 
encouragement, guidance and willingness to assist throughout my 
research. 
Thanks are due to the Board of Directors of The Arab Contractors 
Company, and to all my associates in the Arab Contractors, who helped 
transferring theories into practice, and to Eng Laila Elmaghrabi and Eng 
Ashraf Elnahas. 
Thanks also are due to my family for their unfailing support and patience. 
M Pava 1MTOSMAM btmaufhw 
ABSTRACT 
In today's worldwide competitive environment, contracting companies are 
competing in terms of product quality, delivery, reliability and customer 
satisfaction. In current literature, models of performance measures for 
contracting companies and construction projects have limitations and 
shortcomings. They depend mainly on financial measures. These are no longer 
sufficient to ensure survival and continued profitability in time of change. New 
measures of performance at the different levels of contracting companies are, 
therefore, needed. The relatively new performance measurement technique of 
benchmarking has been widely applied as a powerful performance management 
concept. However, current published literature does not provide satisfactory 
proof of its successful implementation in contracting companies. This research 
addresses these two major weaknesses. 
Firstly, a methodology using Nominal Group Technique and Delphi Technique 
was explained and applied to obtain consensus performance measures for 
construction projects. New performance measures appropriate to construction 
projects, together with each element's relative importance, were developed. The 
consensus covers project managers, senior managers and top management. 
Secondly, quality measures appropriate to construction projects, together with 
each measure's relative importance, were developed. 
Thirdly, new performance measures appropriate to contracting organizations 
were developed. The development of these measures and the determination of 
their relative importance depend upon: the strategic direction of the 
organization which reflects the current business and market conditions; the type 
of construction work; the organization structure; and the development of the 
management staff within the organization. 
Fourthly, the implementation of the new performance measures using 
benchmarking as a management tool for performance measurement and 
improvement was carried out in one of the largest contracting organizations in 
the Middle East, the Arab Contractors, Osman A. Osman & Co. The 
implementation was carried out over a period of five years. Sixteen company 
branches implemented the measurement system. Each branch was considered as 
an independent contracting company. The results showed that the use of the 
new performance measures and the implementation of benchmarking in the 
company were very effective and led to successful and improved performance. 
Keywords: Benchmarking, Contracting, Construction Projects, Improvement, 
Performance Measurement, Quality Measurement, Total Quality Management. 
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CHAPTER (1) 
INTRODUCTION 
V 
1.1 BACKGROUND 
In today's worldwide competitive environment, construction companies are 
competing in terms of product quality, delivery, reliability, and customer 
satisfaction. None of these variables are measured by traditional financial 
measures. By focusing mainly on financial variables there is a danger that the 
performance reporting system will motivate construction managers to focus 
exclusively on cost reduction and short-term profitability and ignore many of 
the critical factors that determine long-term business success. 
The current literature on models of performance measures for contracting 
companies and construction projects have limitations and shortcomings. 
Furthermore, methods published in the current literature for quality measures 
for construction projects have limitations and shortcomings. 
Benchmarking is relatively new performance measurement technique. While 
benchmarking has been applied as a powerful performance management 
concept, so far the current published literature does not provide a satisfactory 
proof for its successful implementation in contracting companies. 
1.2 THE AIMS AND OBJECTIVES OF THE RESEARCH 
1.2.1 Aims Of the Research 
The aim of this research was to review current methods for measuring 
performance of contractors organizations and to identify and implement 
improved methods within the Arab Contractors Company. 
1.2.2 The Objectives of the Research 
Hence the main objectives of the research were to: 
Against this background the most obvious conclusion are that new performance 
measures should be identified at the different levels of the contracting 
companies. New quality measures appropriate for construction projects should 
be developed, together with the use of benchmarking as a measurement tool to 
test the new performance measures for use within a contracting company. 
Hence the main objectives of this research were to: 
a- Review existing measures of contracting organizations' performance 
b- Review existing measures of construction quality 
c- Develop performance measures for construction projects 
CA MDMFAn SMAN\CblModlr. W 2 
d- Develop quantitative quality measures for construction projects 
e- Develop new performance measures for contracting organizations 
f- Implement the new performance measures to evaluate the performance of 
the branches of a large contracting company using benchmarking. 
g- Investigate the effect of the implementation of the new measures and the 
application of benchmarking on the company's overall performance. 
1.3 METHODOLOGY 
The research methodology, as shown in Figure 1.1, consists of 
1. Literature survey 
2. Interviews with top management within a contracting organization - "The 
Arab Contractors " to obtain their opinion on the performance measures for 
contracting companies. 
3. Identification of new performance measures - (contracting companies 
level) 
4. The development of a consensus opinion on the performance measures for 
construction projects - using Nominal Group Technique and Delphi 
Technique. This consensus will cover project managers, senior managers 
and top management. 
5. The development of a consensus opinion on the quality measures 
appropriate for construction projects using Nominal Group Technique. The 
consensus will cover project managers and quality managers. 
6. The implementation of the new measures in one of largest contracting 
companies in the Middle East, the Arab Contractors, Osman A. Osman & 
Co., to 
, evaluate 
the performance of the companies' branches, using 
benchmarking as a tool for performance measurement. (Each branch is 
considered to be an independent contracting company). 
7. Analysis and review of the results. 
8. Repeat steps 
"2 
to '7 
9. Overall conclusions 
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1.4 WORK UNDERTAKEN ä 
To satisfy the objectives of the research the following work was undertaken: 
1. Literature review of the performance measures used to measure the 
performance of organizations; the quality measures used to measure quality 
in construction; and the methods used to carry out the measurement process. 
2. Determination of consensus performance measures for construction 
projects, and the relative importance of each measure. 
3. Determination of the constituent elements of quality measurements on 
construction projects, and the relative importance of each element. 
4.. Explain methods and design forms to calculate each of the quality elements 
quantitatively. 
S. Identification of new performance measures for contracting companies. 
6. Implementation of the new, performance using benchmarking measures in 
the Arab Contractors Co., to measure the performance of its branches. Each 
branch is considered to be an independent contracting company. 
7. Analysis of the results of implementation and investigates the effect of 
. implementing 
the measurement system on the 'company's overall 
performance 
8. Draw main conclusions 
To undertake the 'above work five Nominal Group Technique sessions were 
carried out which involved the participation of one hundred and fourteen 
project managers,, quality managers, company's directors, and members of the 
board of directors of the largest contracting company in Egypt and one of the 
largest contracting companies in the Middle East. 
The implementation of the new developed performance measures was carried 
out over a period of five years using benchmarking as a management tool for 
performance measurement and improvement. Sixteen of the company's 
branches implemented the measurement system. Each branch was considered 
as an independent contracting company. 
1.5 MAIN CONTRIBUTIONS 
The main contributions of this thesis to knowledge are: 
C PH DVtiFMTOSMAMCbIMO Sd5 
a. Explain and apply a methodology using Nominal Group Technique and 
Delphi Technique to obtain consensus performance measures for 
construction projects. 
b. The development of new performance measures appropriate to construction 
projects together with each element's relative importance. 
c. The development of quality measures appropriate to construction projects 
together with each measure's relative importance. 
d. The development of new performance measures appropriate to contracting 
organizations. _ 
e. The use of a method "Benchmarking" for use of the measures within a 
contracting organization. 
1.6 GUIDE TO THE THESIS 
Chapter 1 is an introduction to the thesis 
Chapter 2 reviews the literature on organizational performance, and quality 
measurement in construction. Traditional and modern models of performance 
measurement and quality measurement are explained and critically reviewed. 
The limitations and shortcomings of each model and technique are highlighted. 
The needs of new performance measures and quality measures for construction 
projects and organizations are explained. 
Chapter 3 summarizes the study that was carried out to produce a methodology 
capable of obtaining contracting companies' consensus opinion on measures to 
evaluate the performance of their construction projects. It explains how the 
Nominal Group Technique and the Delphi Technique can be utilized to achieve 
this objective. It also describes the details and results of the application of this 
method in one of the largest contracting companies in the Middle East. 
Chapter 4 identifies the factors required to measure quality on construction 
projects. It also explains how each of the quality constituent elements could be 
evaluated quantitatively. 
Chapter 5 explains and identifies the proposed measures required to evaluate 
the performance of contracting companies. It also explains how the 
implementation of these measures should lead to performance improvement. 
Chapter 6 explains the implementation process of the performance measures on 
sixteen branches of one contracting company. Each branch is considered an 
CAPHVM/AA \OSMAN%OIMIII L 
independent contracting company. It represents the results of each performance 
measure for the sixteen branches over a period of five years. It also analyses 
and reviews the results. 
Chapter 7 contains the conclusions of the research, together with suggestions 
for further work. 
The appendices contain the following information: 
Appendix (A): References 
Appendix (B): Determination of projects performance: 
1) Comparisons and analysis of project managers results 
2) Senior managers' questionnaire and their remarks 
Appendix (C): Determination of quality measures for construction projects: 
Participants Details. 
Appendix (D): Tables to calculate quality measures for construction projects. 
Appendix (E): Implementation results: tables and figures 
Appendix (F): Analysis and Review of typical Results (Department Water & 
Sewage) 
Appendix (G): Analysis and Review of typical Results (Canal & Sinai Branch) 
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CHAPTER (2) 
LITERATURE REVIEW 
1.0 INTRODUCTION 
The weaknesses of traditional performance measures and the changing 
competitive environment have created a need for organizations to re-design their 
performance measurement (PM) systems (Sink 1989, Maloney 1990, Zairi 1992, 
Lima and Price 1995, Osman and Abdel-Razek 1996a & 1996b, Abdel-Razek 
1997). Developing and implementing a new PM system is not an easy task. 
Introducing new performance measures cuts across traditional hierarchies and 
can result in a significant culture change (Abdel-Razek 1998c). Defining the 
different methods and techniques that are traditionally used to measure 
construction organizations performance together with their limitations and 
shortcomings is, therefore, an important step towards understanding the need to 
change traditional performance measures. _ 
Traditional performance measurement methods have also been criticized 
because they are heavily based towards internal comparisons of costs and 
revenue, and relatively little attention is given to the external environment in 
which the business operates (Osman and Abdel-Razek 1996a). A more strategic 
perspective is required, one which reports information relating to the specific 
organization's market and its competitors. A successful business strategy 
requires the development of some form of sustainable relative competitive 
advantage. Performance measures should therefore highlight the relative 
competitive advantage and the relative positioning of the organization. To 
protect an organization's strategic position, managers require externally based 
comparisons that indicate by whom, by how much and why they are gaining or 
being beaten (Osman and Abdel-Razek 1996b). A new methodology for 
measuring performance is, therefore, needed. 
2.0 PERFORMANCE MEASUREMENTS 
2.1 MEASUREMENT BASICS 
Measurement is the trigger for improvement. Improvement leads to building 
strengths, growth and prosperity. It is therefore not very surprising to see that 
organizations that tried very hard to measure have eventually succeeded in 
securing commanding positions in the market place. One of the reasons, for 
instance, why total quality programs fail is because no measurement took place 
(Zairi 1992). The programs in question were left to their own destiny, "as an act 
of faith". Measurements, however, is not about counting, collecting absolute 
data, or building league tables. Measurements for the sake of measurement will 
not lead to change in behavior if it appears to be threatening, if it is intended to 
apportion blame and if it is to lead to reprimands (i. e. who did it? ). For 
measurement to be effective it has to be non-threatening, focusing on the 
process, geared towards improvement and positive action. Measurement has to 
be hard on the problem but soft on the owner. 
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Most of us take measurement for granted. For example, when we fill up our can 
with a tank of gas, we rely on a measurement system without even thinking 
about it. We know the tank is full when gas splashes from the neck of the tank. 
However, we do not know how many litres went in or how much money we owe 
without the meter on the gas pump. Similarly, we sense whether it is hot, cold, 
comfortable, or chilly, but do not know exactly what the temperature is without 
a thermometer. We sense relative magnitudes of light but do not know exactly 
how much light is available without a light meter. 
If we decide to measure performance, we must understand the concept of 
measurement. Measurement is natural part of the analysis, control, evaluation, 
and management process. If we want to know something about a particular 
phenomenon, we measure certain attributes: its size, color, shape, temperature, 
magnitude, weight, state, quality, and so forth. If our interest is casual or not 
particularly critical, we do not spend much time, effort, or resources on 
measurement. However, if the particular phenomenon is of great interest, then 
typically we attempt to be precise and accurate in our efforts to measure or 
specify its characteristics. - Construction managers must measure in order to 
manage and improve performance. As implied above, measurement can be 
casual and intuitive, or it can be specific, disciplined, and systematic. Explicit 
measurement is viewed as critical to improve decision making. Osman and 
Abdel-Razek (1996a & 1996b) demonstrated that explicit measurement leads to 
more consistent decisions and that consistent decision makers will outperform 
inconsistent ones in the long run. 
Expressions such as '6 Sigma', ' you only get what you have measured', 
`standard', `benchmark' and many others are increasingly becoming part of 
everyday business language. It seems that the business community has become 
to realize that without measurement there can be no improvement and that 
measurement must become a way of life. Measurement induces curiosity, 
interrogation and challenging the way things are done. It ensures understanding, 
strong focus and builds credibility. It _ represents 
the value and the output that 
people contribute to the customer. Controlling the consistency of such an output 
and ensuring that the value of the "work effort" will always remain high, can 
only come through scrutiny, challenging and interrogating (i. e. learning to do 
the right things, learning to work smarter rather than harder, learning to be 
effective, learning to use the best knowledge available and learning for the sake 
of learning). 
Measurement requires collection of data. In general, there are three basic ways 
to collect data about a given phenomenon or organizational system: Inquiry; 
observation; and collecting system data or documentation (Sink 1991). All 
specific data collection techniques will fall into one of these three categories. 
Surveys, time studies, interviews, and work sampling are examples of data 
collection techniques will fall into one of these three categories. 
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Surveys, time studies, interviews, and work sampling are examples of data 
collection techniques. 
2.2 MEASURING PERFORMANCE 
Performance Measurement (PM) has been described as "the systematic 
assignment of the numbers to entities" (Zairi 1992). According to his definition 
one would expect the process of allocating measures to be' a simple and 
straightforward one. One is therefore driven to ask the question: how simple and 
well understood is PM? The answer to this question is not easy (Sink 1991). 
Measurement is a mystery. Most people who attack the task of developing 
measurement systems eventually come to this conclusion (Sink 1991). Even 
those who are considered experts readily admit that measurement is complex 
and still an unresolved mystery (Abdel-Razek 1997, Osman and Abdel-Razek 
1996a & 1996b). Measurement is complex, frustrating, difficult, challenging, 
important, abused and misused. 
At the heart tof the problem of 
PM is the human component. This is a very 
complex area. involves the people who: 
a. Set the objectives in the first place; 
b. Design the PM; 
c. Help implement the PM system; 
d. Conduct the measurement exercise; 
e. Interpret the meaning of the measures obtained; and 
f. Act on improving the measures. 
2.3 PERFORMANCE MEASUREMENT: TRADITIONAL MODELS 
AND THEIR LIMITATIONS 
2.3.1 Financial Accounting And Financial Management 
Financial accounting is ' defined (Armstrong, 1986) as: "Financial accounting 
records the revenue received and the expenditure incurred by a company so that 
its overall performance over a period of time and its financial position at a , point 
in' time can be ascertained". In financial accounting, therefore, overall 
performance of an organization is measured by deducting total expenditures 
from total revenue over the same period. The balance sheet and the profit and 
loss account are the two key financial statements. 
In financial management, profitability is the primary aim and the best measure 
of performance in competitive business, (Drucker, 1955). Profitability analysis 
is one technique of financial management. It is defined (Armstrong, 1986) as: 
"Profitability analysis classifies, measures and assesses the performance of the 
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company in terms of the profits it earns in relation either to the shareholders' 
investment or capital employed in the business or in relation to sales ". 
Criticism of Financial Accounting Techniques 
One of the important accounting principles is "measuring in money "(Bruns 
1971, Welsch and Anthony 1974, and Warren 1983). Financial reports express 
in monetary terms certain facts relating to the assets of the enterprise, the claims 
against these assets and the profits or losses resulting from the use of those 
assets. Money is used as the common denominator and accounting therefore 
only deals with those facts that can be represented in monetary terms. 
If financial accounting values are expressed in terms of historical costs, without 
allowing for the impact of inflation, they could be illusory. Hence the need for 
inflation accounting to adjust financial accounts to allow for the effect of 
inflation (Inflation Accounting 1979). 
One of the biggest shortcomings of financial accounting is the failure to take 
into account the customer perspective, whether internal or external. 
These traditional approaches of performance measurement are based on cost 
accounting techniques which have been found to have a large number of 
limitations associated with them (Zaire 1992). 
" Most performance measures are derived from cost accounting information 
( most of which is over 50 years old). 
" Financial indicators have remained static whilst the business environment 
has changed dramatically. 
" Cost accounting data is often based on out-dated and irrelevant principles. 
Most of the time it produces irrelevant or misleading information. 
" Performance is often tracked in isolated areas ( single dimensions) 
" Management decisions are based on cost accounting information. Since 
performance is measured in specific areas only, managers tend to find 
themselves unable to assess whether they have implemented their strategies 
effectively. 
" Cost accounting information is unable to map process performance. 
These 
PM are designed by people who are often too remote from the process and 
with very little understanding of how it works. 
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" Cost accounting techniques were more relevant in a business environment 
based on low technology and high labor content. This however is no longer 
the case in the context of modern businesses. 
" Performance measures which produced bottom-line financial results are too 
late for carrying out corrective actions. 
2.3.2 Management Accounting Systems 
Management accounting provides information to management on present and 
projected costs, on the profitability of individual projects, products, activities or 
departments as a guide to decision making and financial planning. It uses 
techniques such as: cost accounting, cost analysis, variance analysis, break- 
even analysis, cost-volume-profit analysis, etc. The main objective of 
management accounting is to provide financial management information, which 
will help managers to optimize their decisions with a view to improving present 
financial performance and providing for longer term profitability growth (Pizzey 
1982, Paish and Briston 1982). Management accounting could, therefore, be 
described as the development and maintenance of a financial management 
information system. 
Criticism of Management Accounting Systems 
Management accounting systems were generally criticized in the literature. 
Johnson and Kaplan (1987), for instance, voiced their concern as follows: 
`Today's management accounting information, driven by the procedures and 
cycle of the organization's financial reporting, system, is too late, too 
aggregated, and too distorted to be relevant for managers' planning and control 
decisions. ' These criticisms were also echoed elsewhere by McNair et al., 
(1990). They insist that: `Managers need clear, timely, relevant signals from 
their internal information systems to understand root causes of problems, to 
initiate correction, action, and to support decisions at all levels of the 
organization. ' They were particularly criticized for :- 
" their inability to incorporate change and their remoteness from the process ; 
" big distortions and inaccuracies since they focused on product costs and not 
the process; 
". their incompatibility and lake of relevance to the demands of the modern 
business environment ; and 
" making the vision of best-in-class difficult to achieve since they only 
focused on short-term results. , 
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2.3.3 Economic Models and their Shortcomings 
Amongst the various economic models of performance measurement the most 
widely used is perhaps return on investment (ROI), a measure developed by 
DuPont in 1919. Return on investment, ROI, although still very widely used, has 
many shortcomings. Zairi (1992) summarized these shortcomings as: 
" ROI has originally been designed as a long-term measure. However, it is 
being used as a short-term measure. 
" ROI is inaccurate and irrelevant for detailed and complex projects. It has 
proved to be ineffective in justifying investment in innovations such as 
advanced construction technology. _ 
" Many managers are interested only in short-term measures. This is because 
executive bonuses are based on short-term performance. 
" Many managers have a very poor understanding of processes and products, 
hence their interest in financial indicators. 
" ROI is a single period measurement - it ignores events beyond the current 
period. As such, ROI tells us what happened, not what is happening or 
what will happen. 
" ROI can only be worked out after profits are calculated for a period of time. 
" The use of ROI as a long -term measure is often abused. For example, the 
evaluation of strategic requirements (long-term) and PM (short-term) can 
lead to a discriminatory allocation of resources, often to ensure that short- 
term goals are achieved to the detriment of long-term objectives. 
2.3.4 Productivity Measures and their Limitations 
Productivity measures are designed to analyze output relative to the inputs, 
these measures may be developed for each input or in combination of inputs, 
(Abdel-Razek and McCaffer, 1990; Abdel-Razek and Hosny, 1990; and Abdel- 
Razek, 1992). Productivity measurement aims to equate the expected level with 
the actual level. 
Expected productivity = Expected output 
Resources expected to be consumed 
Actual productivity = Actual output 
Resources actually consumed 
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Productivity measurement concerns itself with two aspects : efficiency and 
effectiveness. 
Efficiency = Resources planned to be used 
Resources actually used 
Effectiveness = Actual output 
Expected output 
Efficiency measures relate to the, inputs planned to be used against the inputs 
actually used to produce the output. Effectiveness is about accomplishing the 
right things. Measures should reflect whether organizations are achieving the 
desired results. Results could include any or all of the following: timeliness; 
quality; quantity; and cost / price. 
There are however a number of shortcomings of the existing formula for 
productivity measurement. 
" Information obtained from the output / input formula is not really adequate for 
planning an improvement program. This is because the difference between 
ratios over a long period of time do not really highlight whether there has 
been improvement or a drop in performance. 
For, example, if the ratio in period A is 80 % (including 20 % poor quality work) 
and in period B the ratio is 65 %( all quality work), but the process in period B 
was stopped to investigate the problem and eliminate the cause of poor quality, 
the 65 % figure would still look lower than 80 % and would lead to conclusion 
that there was a drop in productivity levels. 
" Review and evaluation are difficult to carry out using traditional productivity 
measures. - As explained above, the ratios tend to 
be the ultimate target 
without referring to the process at all. 
" The defined formula of output over input for value-adding has failed to 
incorporate new operations' parameters. 
" Productivity measurement is not part of the overall management process and 
tends to be confined to specific areas only. 
" In a modern business context, it is difficult to measure productivity using 
outputlinput criteria. This is mainly because there is more emphasis on 
problem solving and creative contributions. 
" Traditional productivity indicators are not'very useful for pointing out 
performance of individual process. It is impossible to track the level of 
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progress on each process since the traditional measure of output/input is not 
concerned with the establishment of the customer-supplier chain, value- 
adding activity and the incremental contributions of each process. 
2.3.5 Performance to Standard and its Shortcomings 
Performance to standard (PS) has traditionally been used as a productivity 
improvement tool. PS is a ratio obtained by dividing standard hours by actual 
hours used. 
Performance to standard = Standard hours possible 
Actual no. of hours used 
Similar to productivity measurement, there is a number of limitations with PS, 
including the following. 
" PS encourages working `harder' rather than `smarter'. It overrides human 
creative contributions. 
9 PS leads to-frustration, isolation and abuse of human potential. 
" PS is based on the method - if the method changes so does the standard. PS 
does not consider the human component in determining the standard. 
" PS makes the assumption that people are fully trained to perform to the 
expected targets. 
" PS is often used as an absolute measure of performance. It ignores 
corrections for improvements. 
" PS is incompatible with TQM principles since the spirit of TQM is never 
ending improvement which makes measurement relative rather than absolute 
as in the case of PS. 
2.4 PERFORMANCE MEASUREMENT : MODERN MODELS AND 
THEIR CRITISISMS 
Various modern performance measurement models have been published in the 
literature ( Kaydos 1991, Hall et al. 1991, Dixon et al. 1990, Lynch and Cross 
1991, Crawfard 1988, Lockamy 1991, Sink and Tuffle 1998, Talley 1991, and 
Amai 1993). This section compares the most important modern models 
reported in the literature. The comparisons are useful for establishing critical 
factors commonly identified by various authors. Understanding key differences 
can help in the design of a generic approach to develop a modern performance 
measurement system for contracting organizations. 
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2.4.1 Model One 
This model is described in Kaydos (1991). The implementation process is 
described in 17 steps covering company-wide levels and also departmental and 
individual levels. 
Company level 
1- Commit to improving performance. 
2- Sell the programme to management. 
3- Define what productivity and quality mean to your customer and 
to your company. 
4-, Define the key performance factors for the company. 
5- Define the performance measures and constraints for each 
operating unit of the company, if this has not already been accomplished 
during step four. 
6- Assign someone to be accountable for each key performance 
factor. 
At department and individual level 
7. Sell the programme again. 
8. Perform the opportunity identification procedures in each department. 
9. From the opportunity surveys, determine the information needed to 
measure and manage performance. 
10. Design a system to collect and process the data. 
11. Define specifications for the identified variances and quality factors 
requires. 
12. Collect operating data for one or two weeks. 
13. Using the current average figures as a guide, determine priorities for 
action and objectives for each measure. 
14. Assign responsibility for each of the individual performance 
measures throughout the system. 
15. Start taking action. 
16. Put each performance measure on a graph and update it on a regular 
basis. 
17. Re-use the data collection and performance measurement system as 
required to provide meaningful and timely information. 
This system, although elaborate, does not refer to process at all. 
2.4.2 Model Two 
This model is described by Lynch and Cross (1991) under ten steps. 
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Getting in shape 
1. Use performance measures to motivate behavior leading to continuous 
improvement. 
2. Clearly communicate company and business strategies to everybody in the 
organization. 
3. Insist that the market place customer is the starting point for how measures 
are developed. 
On the practice field 
4. Draw a map of the work flow in your company's key business systems and 
focus on the supplier/customer networks that get the work done. 
5. Shift the focus of the organization from being a bureaucratic, vertical 
empire, to being a more expansive, horizontal business system. 
6. Listen to your customers and continually strive to meet their expectations of 
quality and delivery. 
7. Measures cycle times and work within your control. 
On Your marks, get set, go! 
8. Measure the right things. 
9. Use a'consistent, simple scoreboard. 
Keeping fit 
10. Use performance measures to accelerate organizational learning and 
build a consensus for change. 
This model describes on a macro basis what needs to be done rather than how to 
do it. 
2.4.3 Model Three 
This model is described in Crawford (1988), based on a PhD thesis discussing 
findings from the analysis of performance measurement systems of six 
companies using JIT ( just-in-time) manufacturing principles. The framework 
proposed comprises 12 steps. 
1. The performance measurement systems should be multi-criteria and include 
quality, schedule performance and inventory. 
2. Performance-to-schedule criteria must evaluate group, not individual, work. 
3. Specific numerical standards, or goals must be established for the 
performance-to-schedule criteria and revised when met. 
4. Specific numerical standards are not required for inventory and quality 
criteria: improving trends are needed. 
5. Performance criteria must be measured in ways that are easily understood by 
those whose performance is being evaluated. 
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6. Performance data should be collected, where possible, by those whose 
performance is being evaluated. 
7. Graphs should be the primary method of reporting performance data. 
8. Performance data should be. available for constant review. 
9. Scheduled performance should be reported daily or weekly. 
10. A reporting cycle, not exceeding one month for inventory performance and 
quality performance, is sufficient. 
11. The reporting system must not replace frequently held performance review 
meetings 
12. Suppliers should be evaluated on quality and delivery performance. 
This framework is very operational in nature and could be applied to most 
manufacturing situations. However, it lacks TQ language. 
2.4.4 Model Four 
This model which ! is reported in Lockamy III (1991), is the result of a PhD 
research project which focused on the link between operational and strategic 
performance. measurement systems in a small number of world-class 
manufacturing companies. Lockamy III proposes four models of performance 
measurement systems for :- 
'Cost 
"quality 
. lead time 
. delivery 
The following represent a summary of the key analytical generalizations from 
this research: 
Strategic objectives 
*At the Plant `level, performance on the strategic objectives must be evaluate 
with a minimal passage of time to prevent an appropriate level of control. 
"At the division level, strategic objectives must be evaluated continually to 
assess the appropriateness of the firm's organizational focus. 
'Strategic objectives must focus on the primary constraints which inhibit 
performance standards achievements 
Performance measurement systems 
"Performance measurement on the strategic objectives must encompass the 
entire product deliver system, from the supplier to the customer. 
"Performance measurement standards used at the division level to evaluate plans 
must be consistent with the manufacturing objectives of the facility. 
*Performance measurement on the strategic objectives at the plant and division 
levels must be consistent with the manufacturing environment. 
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Performance measurement system linkages 
"Performance measurement system information on the strategic objectives of 
the firm must be shared between the plant and division levels to provide 
organizational focus between them. 
'Performance measurements information on the strategic objectives of the 
division must be shared across functional areas to provide organizational 
focus within the plants and divisions. 
'Multi-functional approaches are necessary for developing objective strategic, 
tactical and operational actions for performance improvements on the 
strategic objectives of the firm. 
This is a good model which stresses the need to measure at various levels, 
throughout the whole product delivery system and using a multi-functional 
approach whenever possible. Although developed for a manufacturing 
structure, this framework could be adopted in the context of service industries 
and construction. 
2.4.5 Model Five 
This model is described in Sink and Tuffle (1989), and its methodology is 
described in six phases. 
1. Preparation 
2. What to measure 
3. Develop the measurement process 
4. Collect the required data. 
5. Process output validation 
6. Link to improvement 
Sink and Tuffle (1989) place a lot of emphasis on the planning stages. They 
describe the performance improvement planning process in eight steps. 
1-Organizational systems analysis 
2-Creation of planning assumptions 
3-Development of strategic goals and/or objectives 
4-Development of tactical objectives or actin items 
5-Formation of action teams and development of plans of action 
6-Project management 
7-Continued development and enhancement of measurement and evaluation 
systems 
8-Managing effective implementation continuously 
This is a very systematic framework, however, it does not refer specifically to 
customer focused measurement based on working on the process. 
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2.4.6 Model Six 
This model is described in Talley (1991). It refers to a model used by the US 
Department of Defence (DoD) and comprises nine steps. 
1. Organizational system analysis 
2. Planning assumptions 
3. strategic objectives 
4. Action items 
5. Action teams 
6. Project management 
7. Measurement and evaluation 
8. Managing effective implementation 
9. Recycling (annually)- continual evaluation and development 
This is very similar to Sink and Truffle except for step nine which refers to the 
need for continuous updating and improvement 
2.4.7 Model Seven 
This model is described in Dixon et al. (1990). This framework, called 
SMART, was introduced as part of Wang's experimental process improvement 
challenge (EPIC). Its objectives are to investigate financial and non-financial 
reporting systems through a top down deployment phase and a bottom-up 
performance measurement phase. 
Dixon et al. Consider the following to be critical factors for successful 
performance measurement systems. 
1) Be mutually supportive and consistent with the business's goals, 
objectives, critical success factors and programs. 
2) Convey information through as few and as simple a set of measures 
possible. 
3) Reveal how effectively customers' needs and expectations are satisfied. 
Focus on measures that customers can see. 
4) Provide a set of measurements that allows all members of the organisation 
to understand how they affect the entire business. 
5) Support organisational learning and continuous improvement. 
The Wang system is a complete system which integrates strategic goal 
deployment with performance measurement, system development and 
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implementation. It stresses the need to focus on the customer and the 
importance of continuous review and updating of the performance system. 
2.4.8 Model Eight 
This model which is described in Hall, Johnson and Turney (1991), is 
represented in six steps. 
1. Identify the customer. 
2. Define the customer's specifications. 
3. Define the existing process. 
4. Propose change. 
5. Follow up (measure results). 
6. Standardize (involves measurements). 
This model clearly stresses the importance of the customer and the need to 
focus on the process. 
2.5 THE NEED FOR NEW MEASURES FOR CONSTRUCTION 
ORGANIZATIONS 
The writer finds that the above methods (and their va 6) are unsuitable for 
construction organizations. 
The following arguments are presented to help provide explanations about the 
need for new performance measures. 
a. Financial measures have traditionally been the cornerstone of the performance 
measurement system. In recent years, there has been a shift from treating 
financial figures as the foundation for performance measurement to treating 
them as one among a border set of potential financial measures. Changes in 
cost structures and competitive environment have been responsible for the 
change of emphasis. 
b. In today's worldwide competitive environment construction companies are 
competing in terms of product quality, delivery, reliability, after sales service 
and customer satisfaction. None of these variables are measured by traditional 
financial measures, despite the fact that they represent the major goals of 
world-class construction companies. By focusing mainly on financial 
variables there is a danger that the performance reporting system will motivate 
managers to focus exclusively on cost reduction and short-term profitability 
and ignore many of the critical factors that determine long- term business 
success. 
c. The key to success, in today's global economy, is total customer satisfaction. 
To achieve this, construction companies must develop performance measures 
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that drive employees to control processes that satisfy customer expectations. In 
particular, performance measures should provide process-level information 
that motivates construction managers to achieve the responsiveness and 
flexibility that construction companies require to compete on a global basis. 
Responsiveness is achieved by building relationships that lead to satisfied 
customers, suppliers and employees. Flexibility is achieved by reducing output 
variation in processes; for example, the reduction of lead times and delays are 
both necessary for sustained competitive excellence and long-term 
profitability. 
d. The need to focus on improving customer satisfaction has resulted in many 
construction companies focusing on quality to help them to survive the 
competitive challenges of the 1990's. Only those companies able to develop 
their products/services quickly, and to supply them at a consistently high level 
of quality and on time, will commend positions of leadership in this, and the 
following, decade. Unfortunately, traditional accounting performance measures 
often motivate behavior that is inconsistent with TQM programs. For example, 
many construction managers are motivated by their accounting systems to 
focus on output, rather than quality, so that they can report favorable volume 
and efficient variances. To achieve their quality goals, organizations must 
replace traditional accounting measures with a performance reporting and 
measurement system that will motivate and evaluate construction managers' 
efforts to improve quality and that are consistent with the TQM philosophy. 
e. The management approach has moved from manager- centered to customer 
centered. The emphasis in a modem business context is delivering quality 
rather than producing quantity. 
f. Performance 'measurement has to fit the culture of the organization. 
Measures have to reflect the existing processes, the structure in place, the 
management style, the knowledge and skill base, the market, the customer base 
and other criteria which makes each individual organization behave in a 
unique fashion. 
g. Measuring through the voice of the process: measuring the capability of the 
process and the consistency of the process (i. e. feedback measures such as 
time, quality, cost ) determines the overall capability of the organization and 
as such enables senior managers to define parameters of competitiveness. 
k. New measures can support strategic direction and make goal setting a more 
achievable task. One of the fundamental attributes of an effective performance 
measurement system is that it should encourage actions congruent with the 
company's business strategy. The effectiveness of the implementation of TQ- 
based performance measurement systems is heavily dependent on strategy 
formulation and implementation. Improving strategic planning is critical in 
developing measurement systems for world class competition. 
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1. Direct physical measures are an effective means to decision making; unlike 
traditional measures, the new measures such as cost, quality, time, can lead to 
action on the spot and decisions taken at the right time to make necessary 
adjustments and bring about any corrections. Hence, what is delivered to the 
customer can remain of high quality. 
m. Performance measurement in a TQ context is not about controlling people but 
managing processes. Total ownership through involvement of all process 
owners is therefore essential. Organizations' success is very much dependent 
on individual contributions through the continuous measurement and 
improvement of processes with which they are associated. 
n. Performance measurement is evaluated through group performance. In a 
modem business context, all work is process related, and all projects are 
carried out through the team approach using cross functional contributions. 
p. Modern business performance is based on people performance. It is therefore 
essential that TQ-Based performance measures are linked to reward and 
recognition systems. 
2.6 BENCHMARKING: A METHODOLOGY FOR CONSTRUCTION 
ORGANIZATIONS' PERFORMANCE MEASUREMENT 
2.6.1 BACKGROUND 
In the early seventies the western industry became aware that the Japanese 
seemed to be outstripping the world in the ability to be productive while at the 
same time outstripping the competitors' quality. Since that time, a growing 
readiness has developed on the part of business to examine the management 
practices of other organizations in order to regain market shares from the 
Japanese competitors (Lake & Ulrich 1992, Karlof & Ostblom 1993). New 
management tools and methods were developed to help improve competitive 
performance in delivering products and services to customers. Terms and 
techniques such as Management by Objectives (MBO), Statistical Process 
Control (SPC), Quality Assurance (QA), Total Quality Control (TQC), Quality 
Function Deployment (QFD), Just-in-Time (JTT) etc, emerged to-fill the quest 
for new competitive tools. 
The business world of the late 1970's and early 1980's found themselves 
shifting their focus more and more on quality. The wave of quality movement 
developed into the adoption of Total Quality Management in the business 
processes of many companies including industrial giants employing more than 
half a million employees to small businesses with well under one hundred 
employees (Macdonald, 1993). Early recognition of the significance of the 
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quality movement led to the establishment of British Standard BS5750 (British 
Standards Institution, 1979) Quality Systems. The International Standard 
IS09000 Quality Systems (International Standards Organization, 1987) put into 
considerations experiences gained in the use of BS5750. This was later adopted 
as British Standard BS5750 (British Standards Institution, 1987) without 
modification. The quality standard is aimed at providing guidelines that would 
enable organizations to adopt quality practices. It is now becoming necessary 
practice for organizations to obtain accreditation to these standards. Large 
business and the public sector are increasingly stipulating that their suppliers 
obtain accreditation to ISO 9000 standard if they are to have their contracts 
renewed or retain their place in the bidders list (Pengelly, 1993). The recently 
issued British Standard BS7850 (British Standards Institution, 1992) Total 
Quality Management underlies further importance of the quality movement. 
The quality movement has finally led to benchmarking as it moved from 
inspection to control to assurance to management. Benchmarking is a powerful 
concept that abandons focus on individual steps of the quality movement by 
providing a holistic view of the system in which business operates. In other 
words, the quality revolution has spawned a new approach which seeks to 
address the whole way in which, work is organized. Benchmarking is now 
viewed as an inevitable step within the TQM concept. 
2.6.2 EVOLUTION OF BENCHMARKING 
In the year 500 B. C., Sun Tzu, a Chinese general, wrote, "If you know your 
enemy and you know yourself, you - need not fear the result of a hundred 
battles". This statement represents very well the competitive environment in 
which businesses operate and illustrates the very early applications of the 
benchmarking concept (Camp, 1989). As early as the late 1800's, Frederick 
Taylor's work on the application of the scientific method of management had 
encouraged the comparison of work processes. This was also within the concept 
of benchmarking. During the World War II, it became a common business 
practice for companies to check with other companies to determine standards for 
pay, work loads, safety, and other business factors (Watson, 1993). Walter 
Chrysler, an early American entrepreneur in the car industry, used to tear apart 
new models of Oldsmobile to determine what went into a car, how much it cost 
and how it was made (Shetty, 1993). This was an early example of reverse 
engineering. This information helped Chrysler to understand his competitors. 
The United States may well have adopted the benchmarking philosophy from 
the Japanese, who have used the term "dantotsu" which means striving to be 
"the best of the best" (Camp 1989). This business philosophy has been applied 
in Japan since the end of World War II (Taiichi Ohno 1990). Indeed, the first 
western world company to adopt benchmarking practices for its products and 
processes, Xerox Corporation, made its initial comparisons with its Japanese 
C HDMRLRMTOSMAMCH2O 25 
affiliate Fuji-Xerox and later with other Japanese competitors in 1979 (Camp 
1989). The results were very revealing. 
Benchmarking is the search for the best practices that will lead to superior 
performance of an organization (Camp 1989). It is a relatively new quality 
concept that has captured the interest of many businesses, and has been gaining 
popularity amongst executive and senior mangers of late. Watson (1993), 
reported that the first book on the subject by Robert C. Camp appeared in 1989. 
The book is based on the author's benchmarking experience whilst working for 
Xerox Corporation in the United States. 
Since then, there has been a surge, especially in United States of competitive 
performance benchmarking. This was first and foremost directed at Japanese 
competitors, who were seen to be the major threat to United States companies. 
Since the Xerox benchmarking decade, 1976 to 1986, the technique has been 
adopted by a number of firms in United States leading to development of 
benchmarking codes of conduct, making it more acceptable as a management 
tool (Watson 1993). Based on its early successes, and the concept of learning of 
best practices from business leaders, benchmarking has led to formation of 
benchmarking clubs in which partner organizations (even industry competitors) 
offer to learn from each other to improve performance (Main 1992). In Britain, a 
Benchmarking Centre was formed in 1993 with the objective of coordinating 
benchmarking efforts. The centre acts as a `dating agency' to pair together 
companies which need to benchmarking similar processes (Costanzo 1993). 
2.6.3 BENCHMARKING: MEANING AND DEFINITIONS 
Benchmarking is a modern activity and it is a continuous process that searches 
for best industry practices that will lead to superior performance. In a sense, 
benchmarking is about changing people's minds and instilling continuous 
curiosity and an ongoing questioning about methods of work, process 
management and control and the application of knowledge and creativity. As 
such it could be described as a process of emulation. Emulating the best 
through continuous implementation of change. Measured performance is vital 
since continuous learning can only be achieved and sustained by being curious 
about ways and new methods of work. 
Dictionary definition 
A `benchmark' is the term used in land surveying which, in the Concise Oxford 
Dictionary, is defined as a "mark cut in rock etc. by surveyor to mark point in 
line of levels making a criterion or point of reference". Benchmarking in land 
surveying is therefore the process of establishing a benchmark which is a 
reference point against which others can be compared. Allan et al. (1968) 
defines benchmark as a "point of known height to which surveys are referred". 
Benchmarking has also been used in the computer industry to mean a standard 
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process for measuring the performance capabilities of software and hardware 
systems from various vendors (Watson 1993). Benchmarking, as used in land 
surveying, aims at establishing a rigid standard, unlike in business where it is to 
be under continuous change to reflect responsiveness to competition. 
Working definitions 
Benchmarking definitions have mainly been derived from experiences in 
manufacturing. There are slight deviations in the definitions depending on the 
focus and scope of application of benchmarking. Camp (1989) advanced a 
working definition of benchmarking as follows based on his experience at 
Xerox: "Benchmarking is the search for industry best practices that lead to 
superior performance". In this definition, the author portrays a very generalized 
view of benchmarking. The focus is on adopting best practices or methods to 
achieve superior performance. There is no emphasis on searching for best 
practices from direct product competitors, nor is there an inherent implication of 
where the search for best practice should concentrate. The definition implies that 
the best practices are to be pursued regardless of where they exist. Another 
definition of benchmarking is also given by Camp as : "a continuous, 
systematic, process of evaluating companies recognized as industry leaders, to 
determine business and work processes that represent best practices, and 
establish rational performance goals " (Camp 1989). The International 
Benchmarking Center (1993) in United Kingdom chose to adopt the definition 
offered by Camp (1989) after a customer survey. 
Xerox, a pioneer in benchmarking, defines benchmarking as "the continuous 
process of measuring products, services, and practices against the toughest 
competitors or those recognized as industry leaders " (Rothman 1992). 
A more refined definition is given in the document titled Planning, Organizing 
and Managing Benchmarking: Users Guide, (Houston TX: APQC, 1992) which 
states that: 
"Benchmarking is a systematic and continuous measurement 
process; a process of continuously measuring and comparing an 
organization's business process against business leaders 
anywhere in the world to gain information which will help the 
organization to take action to improve its performance. " 
This definition, developed by International Benchmarking Clearing House 
(IBC) Design Committee (United States), is said to represent a consensus 
amongst 100 companies (Watson 1993). This definition answers the typical 
questions of what benchmarking is, how it is to be performed, with whom 
comparison is to be made and of what use the information is to the organization. 
These qualities make it a more suitable working definition than one offered by 
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Camp. The business process, in this definition, is to be interpreted to incorporate 
products, processes and services. 
These definitions place emphasis on the fact that benchmarking is not a one-off 
exercise. By comparing a company's process measurements to the benchmark 
values, organizational strengths and weaknesses can be identified. It is a 
continuous process where the continuous improvement philosophy can be 
applied and where there has to be external focus on latest developments, best 
practice and model examples that can be incorporated within various operations 
of business organizations. In a sense it is the only way of moving forward and 
achieving high competitive standards and it is essential, therefore, for 
establishing performance standards. As companies in the construction industry 
embrace TQM and begin to accumulate databases of performance information, 
benchmarking becomes riable and necessary (Fisher et al 1995). 
2.6.4 OBJECTIVES OF BENCHMARKING 
Benchmarking is a positive, proactive process that can change business 
operations in a structured fashion in order to achieve superior performance. 
Benchmarking aims at ensuring that the best practices are followed in an ever 
changing environment. The process provides a management tool for measuring 
and comparing any part of an organization's operation, product or service 
against the best that leads to superior performance on a continuous basis. It 
necessarily involves investigating practices in and outside the industry for 
incorporation into own operations (Thamhain 1991). The basic philosophy of 
benchmarking has been summarized by Lema and Price (1995) as shown in 
figure. 1. 
It is important to emphasize that benchmarking is not a practice for cost cutting 
although it is a way of rationalizing processes through simplifying them, ridding 
them of waste and bottlenecks. Cost reduction could be an outcome of 
investigating the way processes are run and managed, but certainly cost 
reduction is not a starting point and as such benchmarking could only be used to 
understand the limitations of processes and to identify opportunities for 
improving them. If the improvements mean that new, simplified, speedier and 
more efficient efforts can be used, then this is the best way to move forward. 
Benchmarking is also' not a means to gather data for managers. Many poor 
examples of the application of benchmarking have been based on managers 
sponsoring projects to collect statistical data. Comparing their organizations 
with other organizations, purely and simply on hard data and absolute figures 
without any attempt to understand the practices, the behaviors of the processes 
and the reasons why the data was developed in the first place (Zairi 1992). In 
some quarters it has been thought that benchmarking is the answer to all the 
problems inherent within organizations. However, benchmarking is not a 
panacea for all organizational problems and many problems with organizations 
are internal and can be solved by adopting simple processes-based on using 
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quality tools and techniques. Lastly, benchmarking is not a Public Relation 
exercise. It is not a fad or the latest fashion that organizations should subscribe 
to. Benchmarking is hard work. It is a challenge for organizations seeking to 
achieve superior performance standards. It is a powerful change agent and as 
such it challenges existing cultures and existing methods of work. 
2.6.5 TYPES OF BENCHMARKING 
Literature does not suggest consensus on the types of benchmarking. A number 
of authors seem to agree on four different types, as shown in figure 2. 
Classifications have been based mainly on approaches to benchmarking as 
follows (Camp 1989, Zairi 1992, and Watson 1993): 
Internal benchmarking. This type of benchmarking applies more to large 
organizations that have various business units. It is about comparing internal 
operations from one sister company to another, or from one branch to another. 
Internal benchmarking involves measuring similar work process across the 
company and determining which practices within the organization perform the 
best. First, an organization must identify similar work processes across 
departments, looking beyond organizational and geographical borders. Many 
organizations are able to realize almost immediate gains by consolidating 
existing process data to identify their best internal business practices and then 
transferring that information to all parts of the organization. As a rule, any 
benchmarking effort should begin with a thorough understanding of one's own 
internal workings before venturing outside corporate boundaries (Spendolini 
1992). 
Competitive benchmarking. This is specifically comparing competitor to 
competitor using the product or function of interest. This goes beyond the 
traditional product or service engineering, but it is important to learn and 
understand about competitors' ways of working, i. e. their processes, innovation, 
strategies, markets, etc. Competitive benchmarking, as expected, can be difficult 
due to the proprietary nature of the information required. Competitive 
benchmarking can be successful, however, if the cooperating companies share 
information on processes that do not define their market position. For example, 
General Motors could benchmark the process of painting automobiles with any 
other car manufacturer in the world and immediately recognize opportunities for 
assimilation or improvement, because the technologies are so similar among car 
manufacturers (Spendolini 1992). Sharing this information would be acceptable, 
since car manufacturers do not compete with each other in the auto-painting 
industry. The most popular method of competitive benchmarking among 
manufacturers is the direct comparison of products. In manufacturing, 
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comparative product evaluation for the purpose of benchmarking is easy to 
accomplish; a manufacturer needs only to purchase a competitor's similar 
product, dismantle it, and see what gives it an advantage. In the construction 
industry, direct product comparison is impossible because, in most cases, each 
product is a one-of-a-kind facility. 
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Functional benchmarking. This is about comparisons between similar 
functions within the same broad industry using wide industry leaders as 
partners. 
Generic benchmarking. This is about establishing the comparison of business 
functions or processes that are the same regardless of type of industry. Generic 
benchmarking is a long-term challenge and it reflects a total change in the 
culture and is usually found in the learning type organizations. 
There are a number of authors who suggest different benchmarking categories 
Karlof and Ostblom (1993) suggest three categories: internal, functional, and 
external benchmarking. This classification does not come as a surprise from 
these authors, given their general view of benchmarking. They maintain that 
the objective of any form of benchmarking is to be competitive. It follows that 
a separate classification of competitive benchmarking as suggested by Zairi 
(1992), Watson (1992), and Camp (1993) is irrelevant. Karlof and Ostblom 
(1993) suggest a , concept of internal benchmarking that is very much in 
agreement with the others. They define functional benchmarking as the 
comparison of products, services, and work processes with those of the top 
performing companies regardless of business they are in. This definition 
combines the functional and generic benchmarking concepts described by 
Camp, Zairi, and Watson. Karlof and Ostblom define external benchmarkina as 
a comparison of organizations with similar or identical organizations 
elsewhere. This could involve competitors or noncompetitors, provided there 
are similarities in their fashion. This definition coincides with an overlap of 
definitions of competitive and functional benchmarking. 
Thamhain (1991) and Shetty (1993) suggest three principle categories: 
 Strategic benchmarking involves the comparison of different business 
strategies and their potentials for success. 
 Operational benchmarking'involves the evaluation of specific activities, 
processes, methods, or functions. 
 Business-management benchmarking 'involves the analysis of support 
functions or services and their comparison with the best in industry. 
Thamhain (1991) further suggests that benchmarking can employ comparisons 
of internal practices, external competitive company practices and global 
practices. This form of classification, although different, is not in direct conflict 
with the classifications offered by Camp (1989), Zairi (1992), and Watson 
(1993). Singh and Evans (1993) suggest five types of benchmarking: internal, 
competitive, consultant study, functional, and generic. As the approaches for 
the classification of benchmarking types seem to be on the basis of target 
comparison group, Lema and Price (1995) identified two basic classifications: 
internal benchmarking and external benchmarking. They further subclassified 
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external benchmarking into various forms. Figure 3 presents their various 
proposed forms and their relationships. 
Most of the classifications and the definitions offered by these authors are in 
agreement with Camp (1989), Zairi (1992), and Watson (1993). Consultant 
study, as a type of benchmarking suggested by Singh and Evans (1993), is not 
coherent with the other types, but can be considered a method of performing a 
benchmarking study. 
Benchmarking has only been recognized as a formal process in the last 5 or 6 
years. Current classifications of types of benchmarking are thus inconsistent 
and confusing. It is, however, not entirely unexpected that there would be 
deviations in the use and interpretations of relevant terminologies. A 
standardization of both the process and the terminologies is opportune. - 
2.6.6 BENCHMARKING: APPROACHES 
There are two different approaches to benchmarking currently adopted in most 
industrial organizations (Zairi 1992). These are illustrated in figure (4a). 
Cost-driven benchmarking which is about applying the principles of 
benchmarking from a distance and comparing some aspects of performance 
with those of competitors usually using intermediaries such as consultants. The 
outcome of these exercises is cost reduction and it is often noticed that 
incremental improvements are achieved as a result. 
Process-driven benchmarking describes a different practice in the art of 
benchmarking. It is considered as a continuous process and uses the philosophy 
of continuous improvement (i. e. plan-do-check-act). Unlike cost-driven 
benchmarking, the focus is not necessarily on the competitor but on a 
benchmarking partner, and the interrogation is not necessarily looking at the 
outcome in terms of cost reduction. More importantly, process-driven 
benchmarking attempts to understand the process, the practices and questions 
the reasons why things take place, how they take place and how often they take 
place, whereas in cost-driven benchmarking the focus is on the absolutes in 
terms of outputs. Process driven benchmarking leads to more benefits, often 
resulting in great cost reduction, but more importantly it helps organizations 
sustain or achieve superior performance through a strengthening of their 
processes and business behavior. 
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FIG. (2.3) Benchmarking Types 
(Lema and Price 1995) 
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2.6.7 BENCHMARKJNG PROCEDURES 
Watson (1993) uses the Deming Cycle to model the benchmarking procedure. 
The cycle uses the Plan, Do, Check, Act functions. The benchmarking 
procedure superimposed on the Deming cycle is shown in figure (4). Different 
companies have adopted different models to benchmark. Most of these 
generally conform to the model suggested by Watson. 
The actual benchmarking process comprises five basic steps as shown in figure 
(5). The diagram shows a process which is deceptively simple. In practice 
benchmarking requires several iterations and it is a judgmental process (Shetty, 
1993). For example, it may be difficult to identify functions and firms to be 
benchmarked. Note the feedback loops required, in figure (5), to provide data 
for setting new performance goals for continuous improvement. 
The process has been adopted and modified for application in different 
companies. Xerox, benchmarking pioneers, use a nine step approach (Camp 
1989), but involving all the four steps of the Deming Cycle. The Xerox model 
is reproduced in Figure' (6). Note that there is continuous looping process to 
ensure continuing improvement. This model has recently been adopted by Du 
Pont in benchmarking construction management (Du Pont, 1992), and National 
Cash Register (NCR) in benchmarking project management practices (Karsnia 
1991). 
2.6.8 BENCHMARKING AND TOTAL QUALITY MANAGEMENT 
2.6.8.1 Total Quality Management in Construction 
Organizations, for many years, have considered quality to be an independent 
support function. However, in order to meet the challenges of the new global 
competitive environment, companies have started considering quality as an 
integral part of their . strategic 
business plans. This has led to a new 
management philosophy - Total Quality Management (TQM). Total Quality 
Management has been described as the third industrial revolution, which has 
emerged from a rapid development , 
in the third quarter of the 20th century 
(Hellard, 1993). British Standards BS7850 (1992) defines Total Quality 
Management as a management philosophy and company practices that aim to 
harness the human and material resources of an organization in the most 
effective way to achieve the objective of the organization. This objective can 
only be achieved through management involvement at all levels, continuous 
improvement of products, services and processes, education and training of 
employees and participation of all employees in problem solving (Chandra 
1993, Macdonald 1993). TQM is often termed as a journey, rather than a 
destination. This is because the continuous improvement process goes on for 
the life of the enterprise. The improvement process never ends, therefore, no 
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FIG. (2.5) Process of Benchmarking (Shetty, 1993) 
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FIG. (2.6) Xerox Benchmarking Model (Karsnia, 1991) 
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destination is ever reached (Construction Industry Institute Annual Conference, 
1992). The critical elements of TQM initiatives have been recognized by a 
number of authors (fender 1993, Chandra 1993, Kearney 1992) as: customer 
focus; employee involvement; continuous improvement; and innovative 
leadership. 
Fisher et al (1995) stated that there is a movement in the construction industry 
toward adapting and adopting many of the principles of total quality 
management (TQM). TQM is probably one, of the best understood change 
mechanisms and one of the best options to confront the competitiveness 
challenge for the engineering and construction industry. How rapidly the 
industry improves its quality and productivity relative to its competitors will 
determine how well - or if - the industry survives (McGinnis et al. 1993). 
The Construction Industry Institute offers the following brief history of TQM 
in the engineering and construction business: 
The engineering and construction industry has followed the lead 
of the manufacturing and service industries in implementing 
TQM. Owners .... 
began to adapt TQM concepts to their 
engineering and construction programs based on the experiences 
of their main manufacturing businesses. Contractors .... 
witnessed the owners' adaptations and were soon aware of 
changes in market conditions and the resulting increase in both 
domestic and international competition. Owners have directly 
challenged contractors to study the TQM process and apply the 
techniques to their design and construction efforts. The industry, 
as a result, is experiencing growth in TQM (McGinnis et al. 
1993). 
Evidence of a. TQM implementation time lag between owners and contractors 
was reflected by Burati et at. (1991).. Their study showed that of six owner 
companies interviewed, four had formal TQM programs in place for at least 
five years. Conversely, of six contractor companies interviewed, five had 
initiated TQM programs only within the last two years. 
2.6.8.2 The Link Between Benchmarking and TQM 
A fundamental principle, of TQM is "continuous improvement". Continuous 
improvement entails focusing on process within a system to ascertain how they 
could be changed to be made more efficient. Improvement can be defined as a 
positive change over time (Fisher et al 1995). This change, to be verifiable, 
must be measurable. This is accomplished by the use, of "metrics": measurable 
outcomes that indicate degree of success, in achieving some TQM objective 
(Oswald and Burati 1992). To determine the degree of success, however, the 
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measured level of success must be compared to something. The process of 
determining the value of metrics that process measurements are to be compared 
against is known as benchmarking. 
A simple definition of TQM is meeting internal and external customer 
requirements. As such, TQM is applied through the performance of teams by 
involving employees in all aspects of organizational operations; tools and 
techniques are used and the cross-functional approach is applied to investigate 
problems, identify solutions and implement them in work practices, by 
measuring the outcome and analyzing the process time and time again to build 
strength, consistency and high levels of competitiveness. Benchmarking, on 
the other hand, seeks to establish organizational objectives which are based on 
a full understanding of customer wants, process capability and industry best 
practices. The objectives developed are then communicated company-wide to 
all employees who are recognized for their efforts to achieve the high levels of 
performance. The communication of benchmarking objectives is then linked to 
TQM or the teams who work in a cross-functional manner to solve problems 
and achieve goals set by senior management. There is total compatibility 
between TQM and, benchmarking. TQM is the wheel of improvement. It is 
doing internal, value-adding activity for the end customer. Benchmarking on 
the other hand is the external activity for identifying opportunities and ensuring 
that the wheel of improvement is turning in the right direction and is making 
the necessary effort towards the end destination, i. e. achieving high standards 
of competitiveness. The integration of TQM and benchmarking determines the 
key elements of competitiveness. These include the voice of the customer 
through establishing current and future demands and the voice of the process 
through establishing the organizational capability to deliver customer wants . 
In the TQM journey, goal setting is undergoing significant changes. Instead of 
targeting incremental improvements, TQM companies are benchmarking their 
performance, processes and products not only against the " best-in-class" 
among their competitors but against the best in class for a particular function or 
activity measured worldwide. Benchmarking can viewed as an accelerator in 
the TQM journey. Instead of a company fully depending on evolvement from 
within, it adopts proven successful practices from elsewhere (i. e. not re- 
inventing the wheel). 
The emergence of benchmarking can be viewed as a widened scope of 
competitive analysis. The application of TQM- supported with competitive 
analysis was for some time seen to be the main success drivers in a competitive 
environment. However, the analysis framework should not stop at end 
products and financial strengths as is normally the case in competitive analysis, 
but should extend further. Benchmarking is now seen as a powerful concept of 
extending competitive analysis to the underlying operative content and the 
leadership skills that lay the foundation for success amongst competitors. 
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2.6.8.3 The Link Between Benchmarking And Performance Measurement 
The best way to describe the link between performance measurement and 
benchmarking is in the way that the former establishes the objectives based on 
a thorough understanding of the customer, the process and on current best 
practices. Performance measurement on the other hand is a mechanism which 
ensures that the objectives can be achieved. Benchmarking often decides on 
what measures should be used. Measures should be related to the customer, i. e. 
customer satisfaction. Benchmarking ensures that people focus on the process 
and the best way of creating value for the end customer. Measures related to the 
process should be of quality service and cost effectiveness. Benchmarking 
encourages people to innovate and use new learning. Measures should capture 
the incremental innovative contributions and the new learning injected within 
the organizations concerned. 
Measurements can only be effective if goal development and goal deployment 
are carried out in an effective manner. As such there is very strong 
interdependency between benchmarking and measurement. If benchmarking 
seeks to help managers establish realizable goals, then it has to be conducted in 
a systematic fashion. If this process is not conducted in the right manner, then 
performance measurement will be addressing issues which are not critical to 
achieving the goal set in the first place. 
In summary, performance measurement and benchmarking are two essential 
improvements for ensuring that TQM implementation will succeed. TQM 
implementation seeks to establish a culture of continuous improvement through 
team work, using a problem-solving approach based on tools and systems. 
However, the result of TQM is measuring performance in terms of quality, 
cost, delivery, etc. These standards can only become competitive through the 
practice of benchmarking. 
2.7 POTENTIALS FOR TOTAL QUALITY MANAGEMENT AND 
BENCHMARKING IN CONSTRUCTION 
Total Quality Management (TQM) assures maximum effectiveness and 
efficiency within an organization by putting in place processes and systems 
which ensure that every aspect of its activities are aligned to satisfy customers' 
needs and all other objectives without waste of effort and using the full 
potential of every person in the organization. TQM concepts are now accepted 
for performance improvement efforts in construction industry after successful 
applications in service and manufacturing industries. 
Benchmarking is also widely accepted as a tool for quality and performance 
improvement through comparison with recognized leaders. However, while 
C:, IiP=, AA, CH=0 43 
benchmarking has been applauded as a powerful performance management 
concept, so far there have been few plausible explanations for its success. 
Karlof and Ostblom (1993) attempted to explain the success of benchmarking 
by viewing it within the context of differences between a planned and a free 
market economy. They viewed the existing market economy as being only 
partially exposed to market forces. The majority of organizations internal 
activities and operations operate under conditions of a planned economy where 
they are not exposed to market pressures. The value of benchmarking is that it 
provides an opportunity to open up these activities and operations to the 
pressures 
, 
of market forces. When this concept is viewed within the context of 
the TQM philosophy, benchmarking is seen as a perfect vehicle to ensure that 
the customer gets the best quality under competitive conditions that ensure 
lowest prices. The three key roles that benchmarking plays are to: 
" widen the competition base by exposing internal organizational processes 
to external market forces; 
" accelerate the TQM process and therefore improve performance by 
providing the opportunity to learn from others, adopt and improve; and 
" act as a tool for cooperation to improve overall industry performance. 
There is extensive scope for benchmarking applications in performance 
improvement throughout the construction industry, which spans from corporate 
to crew level. Performance indicators can be identified at different levels, and 
associated with various practices. The search for best practices is initiated 
through performance comparisons with leaders on the basis of performance 
indicators or metrics. These indicators can be business results such as 
profitability, turn over, market share, share prices, etc. The identified 
performance gap provides the motivation for embarking on performance 
improvement program. TQM is one such viable program. Once the program 
has been initiated, the initial quality and performance improvement steps are 
achieved through the incorporation of best practices throughout the 
organisation. As the practice of TQM becomes part of the organisation's 
management philosophy, benchmarking, both internally and externally, 
becomes part of the process as a means of setting targets, identifying best 
practices and incorporating them in the organisation's processes. 
2.8 QUALITY MEASUREMENT IN CONSTRUCTION 
2.8.1 QUALITY IN CONSTRUCTION 
Definitions of quality abound. , For many years there have been attempts to 
define the meaning of quality, often in general terms, yet more recently in 
terms of the formulation of quality. through "Quality Assurance Systems". 
Some definitions result from authoritative documentation, whilst others express 
experiences, opinions and conjecture. Although considerable disparity 
pervades, there is also much common ground in the various definitions. 
The 
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British Standards Institution defines quality as "the totality of features and 
characteristics of a product or service that bear on its ability to satisfy stated 
and implied needs" (British Standards Institution 1987). In the context of 
construction, the BRE (Building Research Establishment 1978) provides 
further explanation: "the totality of the attributes of a building that enable it to 
satisfy needs, including the way in which individual attributes (external 
attributes; performance attributes; aesthetic and amenity attributes) are related, 
balanced and integrated in the whole building and its surroundings". Another 
definition, which is simple and has relevance and clarity for projects is given 
by the Construction Industry Institute (1990) as: "conformance to established 
requirements". This definition, while simple, cannot stand-alone. Another 
definition is needed for the term requirements. Requirements are: 
"contractually established characteristics of a product, process or service". A 
characteristic is: "a physical or chemical property; a dimension; a temperature; 
a pressure or any other specification used to define the nature of a product, 
process or service". (Construction Industry Institute 1990, Ledbetter and 
Wolter 1992, Ledbetter 1994). 
Although quality can be defined, the perception of quality lacks clear 
description. Superficial perceptions have described quality as differences in 
structural stability, precision, durability and, more frequently, as appearance. 
Quality is, in more ways, subjective and, therefore, becomes a matter of 
judgment. For a clear perception there are a number of aspects that should be 
considered. These aspects are stated by Griffith (1990) to be: function; 
durability; economy; aesthetics; and depreciation. The interpretation of quality 
is equally ambiguous. The quality definitions given above, which are widely 
recognized in the construction industry, attempt to make quality finite and 
factual, yet quality in practice remains quite subjective in nature. "Conceptual 
Quality" describes the client's needs and desires for a quality product. The 
project requirements are initially set by the client and are then translated during 
the preplanning phase into a conceptual design and estimate, developed into a 
project 'scope, and more fully defined. -The requirements are then translated 
into specific design documents during the design phase. The design documents 
reach the construction site for erection during the construction phase. 
Following construction, the facility is started up during the startup phase. The 
architect's search for value for money aims to provide an acceptable standard of 
construction, at an acceptable cost and produced in a feasible production time. 
At the workplace, quality is directed towards the skill of the craftsman. 
Interpretation of quality, therefore, depends fundamentally upon one's 
viewpoint within the construction process. 
2.8.2 COST OF POOR CONSTRUCTION QUALITY 
Several studies and reports originating from the USA and UK recognize that 
problems surrounding poor construction quality constitute a major 
issue 
requiring rapid and positive measurement ("Quality in" 1982,, "Achieving" 
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1987, Burati and Farrington 1987, Davis and Ledbetter 1987, Mathews and 
Burati 1989, Griffith 1990). Many of the findings of a study carried out in the 
UK in 1982 ("Quality in" 1982) allocate blame for poor quality to factors very 
similar to those identified in another study carried out in 1987("Achieving" 
1987). Aspects such as the following are highlighted in the two studies: 
inadequate information, poor communications, poor care in workmanship and 
the lack of site supervision. The latter study stated that the types of problems 
found relate to traditional and well established construction practices and 
therefore, adoption of innovative practices was not in any way to blame. 
The Quality Management Task Force (QMTF) of the Construction Industry 
Institute (CII) has developed a Quality Performance Management System 
(QPMS) which is based on the premise that quality costs can be adequately 
tracked ("Measuring" 1989). The QMTF conducted research to identify and 
quantify the rework costs (including repair and replacement) of correcting 
quality deviations in design and construction (including fabrication, 
transportation, and operability). The study found that the average cost of 
rework on industrial projects exceeded 12 percent. Design deviations 
accounted for roughly 80 percent of the increased costs, while construction 
deviations accounted for about 20 percent ("Cost" 1989). Failure to maintain 
quality costs the U. S. construction industry over $15 billion a year in rework 
expense alone. Additional costs for other quality failures may bring the total to 
more than twice that amount ("Measuring" 1989). The cost of quality was 
estimated to be at least one-fourth the total of the project cost ("The Quality" 
1990). A study carried out in the UK by the Building Research Establishment 
(BRE) concluded that without measurement in design and construction quality, 
houses being built now will require excessive maintenance and repair, giving 
rise to costs which may total up to two-thirds of the initial price. Furthermore, 
around one-third of the fault types were unlikely to be remedied due to the high 
cost of remedial work once construction was complete ("Quality in" 1982). 
2.8.3 QUANTITATIVE MEASUREMENT OF CONSTRUCTION 
QUALITY 
Numerous studies have been carried out that quantified the cost of quality in 
design and construction ("Quality in" 1982, "Cost" 1989, "Measuring" 1989, 
"The Quality" 1990); defined the factors affecting quality ("Achieving" 1987, 
Fletcher and Scivyer 1988, Dalton 1988, Griffith 1990); developed and 
explained quality management systems ("BS 5750" 
1987, "ISO 9000" 1992, 
Hughes and Williams 1992, Harris and McCaffer 1993, Flood 1993, Johnson 
1993); and developed methods of measuring quality (Glagola et al. 1992, "The 
Blueprint" 1994, Stevens et al. 1994a and 1994 b, Stevens 1996). However, 
there is no current published work that addresses any of these aspects of quality 
in a way that relates to, or is adapted to suit, the economic, political, social and 
technological environment of developing countries. Nor is there any published 
work that is written from a standpoint of a developing country, taking 
into 
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account its construction managers' opinion and the structure of its construction 
industry and organizations. There is, therefore, an obvious need for extensive 
studies on how to measure construction quality in developing countries on both 
a national and a company level, and on the relations between the two levels. 
This is an important national and international undertaking. 
Egypt, as well as the majority of developing countries, has been relying 
completely on the philosophies, methods and techniques concerning quality 
that were initiated and developed in both the West and the Far East. These 
have been accepted and ill-applied without any adaptation to suit their specific 
background. Efforts to measure quality in developing countries should be based 
on methods that are rooted in their own specific cultures and that stem from 
their own economic and technological backgrounds. The characteristics of 
these specific backgrounds should be turned to advantages to give a 
competitive edge instead of being regarded, as is the case now, as constraints 
and limitations in the application of the methods and techniques expounded in 
modem imported 'philosophies on quality. Furthermore, it is of great 
importance to developing countries to use appropriate methods in quality 
management. Simple basic methods and techniques will in most cases give 
better results than currently fashionable methods (Abdel-Razek 1996a). The 
focus should be shifted from a method-oriented approach to a more problem- 
oriented one, with increased emphasis placed on studies of established facts. 
Such an approach will provide a better basis for successful development of 
construction quality in Egypt (Abdel-Razek 1996b). Determining the 
construction managers' viewpoint on the factors which would measure 
construction quality on their projects, together with the relative importance of 
each factor is, therefore, an essential first step towards establishing methods for 
the real measurement of construction quality in Egypt and probably in most 
developing countries. 
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2.8 SUMMARY AND CONCLUSIONS 
In today's worldwide competitive environment, construction companies are 
competing in terms of product quality, delivery, reliability, and customer 
satisfaction. None of these variables are measured by traditional financial 
measures. By focusing mainly on financial variables there is a danger that the 
performance reporting system will motivate construction managers to focus 
exclusively on cost reduction and short-term profitability and ignore many of 
the critical factors that determine long-term business success. 
Traditional models and modern models of performance measurement are 
explained and critically reviewed. The limitations and shortcomings of each 
model and technique are highlighted. Arguments to provide explanations about 
the need for new measures are presented. 
Benchmarking is a relatively new performance measurement technique. The 
definitions, scope, types, approaches, and applications of benchmarking are 
explored. Various literature sources have been examined to establish a common 
understanding. It is a powerful management tool to improve performance of 
construction companies. While benchmarking has been applied as a powerful 
performance management concept, so far the current published literature does 
not provide a satisfactory proof for its successful implementation in contracting 
companies. 
Benchmarking and performance measurement are two essential improvements 
for ensuring that TQM implementation will succeed. There is total 
compatibility between TQM and benchmarking. The integration of both 
determines the key elements of competitiveness. 
There is a clear need for new methods for the real measurement of construction 
quality and business performance. These measures must be capable of 
being 
used at both project and organisation levels. 
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CHAPTER (3) 
DEVELOPING CONSENSUS PERFORMANCE 
MEASURES FOR CONSTRUCTION PROJECTS 
3.1 INTRODUCTION 
This chapter describes a method of obtaining contracting companies' consensus 
opinion on measures to evaluate the performance of their construction projects. 
It explains how the Nominal Group Technique and the Delphi Technique were 
utilized to achieve this objective. It also describes the details and results of the 
application of these techniques. The application was carried out in one of the 
largest contracting companies in the Middle East. The process of determining 
the consensus opinion was carried out in three phases, representing three levels 
of management: project managers, senior managers and top management. A 
consensus of opinion of ninety one managers and directors - fifty nine project 
managers, sixteen senior managers, fifteen board of directors and the chairman 
of the company - was obtained on seven measures to measure projects 
performance, together with the relative importance of each measure: The 
Nominal Group and - Delphi techniques used proved to be very effective 
research methods. Each technique makes possible a systematic exploration and 
a probing of new ideas generated by a group, specially when the subject does 
not lend itself to precise analytical techniques but can benefit from selective 
judgments on a collective basis. The methods adopted enabled a consensus to 
be achieved on performance measures for contracting organizations and 
provided valuable feedback on how these measures may be implemented and 
applied. 
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3.2 METHODOLOGY AND IMPLEMENTATION 
The participants and the company 
Ninety one selected construction managers and directors participated in 
the study, fifty nine of whom were project managers , sixteen were senior 
managers, in addition to top management represented by fifteen board of 
directors and the chairman of the company. All from The Arab 
Contractors Company. This company is the largest in Egypt and one of 
the largest in the Middle East. Its annual work value is about 3.75 billion 
Egyptian pounds (1.2 billion US dollars) and its market share is about half 
the contracting market in Egypt. It employs 50 661 employees, 4 172 of 
whom are qualified engineers, 4 745 are foremen and superintendents and 
29 585 are technicians and laborers (The Arab Contractors 1997). The 91 
participants were from 33 to 53 years old and had from 8 to 29 years' 
work experience. They all had university degrees in engineering. 
Determination of Consensus Opinion 
The process to determine the consensus opinion on the measures required 
to evaluate construction projects was carried out in three phases. Each 
phase determined a consensus opinion at a different management level. 
a- Project managers' consensus opinion; 
b- Senior managers' consensus opinion; and 
c- Top management modifications and adjustments. 
3.3 PHASE 1: PROJECT MANAGERS CONSENSUS OPINION 
The project managers' consensus opinion was obtained in five steps. 
These steps were: select representative sample of the company's 
branches and departments; select the participative project mangers; carry 
out Nominal Group Technique (NGT) session for each participating 
group and identify the consensus opinion for each group; analyse and 
compare results ; re-organize the measures and re-vote and score by all 
participants; and determine consensus opinion of all participating project 
managers. 
3.3.1 Selection of the Participants, Branches and Departments 
The company has ten major activities. Table 3.1, shows these activities 
and the value of work done by each activity (The Arab Contractors 
1997). A Pareto analysis of these activities and their values in monetary 
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terms showed that four activities contribute 84.70% of the overall value, 
as shown in Table 3.2. These activities are: water and sewage; public 
buildings; transportation; and housing. These activities are mainly 
carried out by three of the company's departments and branches, 
namely, the bridges and specialized structures department, the water and 
sewage department, and Nasr City branch. The fifty nine project 
managers that participated in this study were selected from these three 
departments, and were defined by their superiors as successful project 
managers. They had from 8 to 29 years' work experience. They all had 
university degrees in engineering and were all project managers in the 
company. 
3.3.2 Nominal Group Technique 
The data and results of this study were obtained from the participants 
through the application of the "Nominal Group Technique" (NGT). The 
NGT takes its name from the fact that it is a carefully designed, 
structured, group process that involves carefully selected participants in 
some activities as independent individuals rather than in the usual 
interactive mode of conventional groups. It is a specialized purpose 
technique, useful for situations where individual judgments must be 
tapped and combined to arrive at decisions that cannot be reached by 
one person. The NGT is a problem-solving or-idea-generating strategy. 
It is a well-developed and tested method that is fully presented in the 
work of Delbecq et al. (Delbecq et al. 1975). Since its development in 
1968, the NGT has gained extensive recognition and has been widely 
applied (Sink 1989, Abdel-Razek 1996a, 1996b, 1997 and 1998a). The 
session group consists of 8 to 20 participants and the session is 
controlled by a 'process facilitator and an assistant. The duration of the 
session is about 3 hours 
C. %FBMUYAArOSMAN%CW 49 
TABLE (3.1) Values of Work Done & Major Activities of the Company 
(Source: The Arab Contractors Annual Report 1996/1997) 
Activity Value of Work 
Done (1000 L. E. 
Water & Sewage 1.246,228 
Public Buildings 1,087,533 
Transportation 634,318 
Housing 208.230 
uarries, Dredging & Ready mixed concrete 173,914 
Factories 132,646 
Ancillary Services 131,477 
Power Stations & Electrical Networks 122,403 
Real Estate Investment 8,292 
Agriculture 936 
Total 3,745,977 
TABLE (3.2) Selection of Participative Branches and Departments 
Selected Activity and Departments Value of Work 
(1000 LE) % 
Water & Sewage 1,246,228 32.27 
Public Buildings 1,087,533 29.03 
Transportation 634,318 16.93 
Housin 208,230 5.56 
Total 3176 09 84.70 
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3.3.3 Implementation 
The data were collected during three NGT sessions. Each session had an 
average of 20 participants. The objective of each session was to obtain 
from the project managers a consensus conclusion on the measures by 
which they would like their project performance to be measured, together 
with each measures relative importance. The data are biased in one aspect 
: all the participating project managers were defined by their superiors as 
successful ones. The results represent the views of the successful 
construction project managers of the company. They do not necessarily 
represent the views of all managers of the company. Nor do they 
necessarily represent the views of all Egyptian project managers. 
However, in view of the size and market share of this company (about 
50%), the results should give a good guide to the attitude of Egyptian 
project managers working in the contracting field towards project 
performance and ways of measuring it. 
NGT has four phases in addition to an introduction, task statement and a 
conclusion. The first phase is called silent generation. During this phase, 
the group members are instructed to write their responses to the task 
statement. In this study, the task statement was "state all your ideas on the 
measures by which you would like your project performance to be 
measured. " For this portion of the session individual behavior is sought. 
Silent generation focuses attention in a specific task, frees the participants 
from distractions, and provides them with an opportunity to think through 
their ideas rather than simply reacting to the comments of others. In this 
sense, it is a search process that yields contribution of greater quality and 
variety. 
The second phase is the round-robin phase. The facilitator calls on 
participants one-by-one to state one of the responses they have written. 
This phase goes on until all the ideas generated by the group are listed 
and displayed. The process separates ideas from their authors and permits 
conflicting and incompatible ideas to be explicitly tolerated. It provides a 
written record of the group's efforts as a basis for any next step. In this 
study the project managers generated, on average, seventy ideas for 
project performance measures per session. Tables 3.3a, 3.3b and 3.3c 
show all the generated ideas for each of the three groups of the three 
selected departments. 
The third phase is called clarification. Once all the ideas have been 
recorded, any participant may offer clarification or may suggest 
combination, modification or deletion of ideas to produce a list of the 
measures required to measure project performance. Evaluation, however, 
is avoided. The facilitator moves rapidly from one measure to the next, 
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Subject Identrýnng Projects' Performance Measures By Project Managers Date: 5/5/1998 
Company: The Arab Contractors Department Bridges & Specialized Structures No. of Parridpants : 22 
Type of Participants: Project Managers Place: Bridges Department 
No. Ideas 
1 Degree of Affecting the enwronment 
2 Existence & Efficiency of Health and safety system 
3 Profitability 
4 Existence & efficiency of a cost monitoring system 
5 Rate of utilizing the resources 
6 Labor efficiency 
7 Percentage of the value of self executed work to the total value of work done 
8 Percentage of achievement of the project schedule 
9 Existence & efficiency of quality mondonng system 
10 Organization and preparation of the site 
11 Percentage of work redone 
12 Method and way of execution 
13 Productivity of equipment and labour 
14 Capital productivity 
15 Organizational structure and its efficiency -- 
16 Growth of work value 
17 Customer satisfaction - 
18 Effectiveness of the follow up system 
19 Effectiveness of the bonus system 
20 Checking that the measured work coincide with the actual work 
21 Percentage of money collection 
22 Project size 
23 Site cleaning and the optimum use of storage 
24 Creativity in the execution methods 
25 Communication 
26 Efficiency of the technical site office 
27 Claims and the rate of its achievement 
28 Abiding to the rules and regulations of the company 
29 Quality. of accommodations and services of the workers 
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TABLE 13.3a1 IdentlMna Projects Performance Measures by Project Managers' Generated I dwsa IPnnfin... 41 
Subject Identifying Projects' Performance Measures By Project Managers Date: 5/5/1998 
Company: The Arab Contractors Department Bridges & Specialized Structures No. of Participants : 22 
Type of Participants: Project Managers Place: Budges Department 
No. Ideas 
30 Percentage of sub-contractors work 
31 Extent of employees' loyalty and belonging 
32 Existence of a system to create new leaders 
33 Percentage of materials waste 
34 Efficiency of equipment maintenance 
35 Training 
36 Percentage of changing orders 
37 Existence of an efficient system for the required resources and its execution in time 
38 Special circumstances of the project 
39 Extent of delivering work to the client 
40 Size of the labor force relative to the size of business 
41 Percentage of remaining unused materials 
42 Minimizing loss 
43 Degree of team coherence 
44 Number of inconsistency cases 
45 The extent of applying a subcontractors system 
46 Effectiveness of the evaluation of the specialized departments 
47 Average of the employees' salary 
48 Efficiency of solving the problems that obstruct the execution of work 
49 Abiding to applying the ISO quality system 
50 Efficiency of the administration security 
51 Abiding to the data issued by the department 
52 Extent of cooperation among projects 
53 Extent of abiding to the technical specifications and contract conditions 
54 Percentage of injuries in the project 
55 Final evaluation of the project 
56 validity of the measuring devices 
57 Documenting the execution problems and crediting it 
58 Nature of the project, its conditions and duration 
59 General planning of the site 
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Subject Identifying Projects' Performance Measures By Project Managers Date: 7/511998 
Company: The Arab Contractors Department : Water & Sewage No. of Participants : 18 
Type of Participants: Project Managers Place: Water '& Sewage De. t 
No. Ideas 
1 Percentage of the bme Scheduale achievement 
2 Profitability 
3 Speed and efficiency of money collection 
4 Percentage of depreciation 
5 Optimum use of employees 
6 Cptimum use of resources (equipment & materials) 
7 Quality of execution 
8 Percentage of subcontractors work 
9 Ef ciency of productivity 
10 Level of development 
11 Increase in contract value 
12 Customer satisfaction 
13 Emciency of delivering work 
14 Efficiency of documenting the project 
15 Degree of abiding to the quality rules - 
16 How the execution rate matches the project's plan & Schedule 
17 Level & Effeciency of supplying materials 
18 Preparing and organization before starting - 
19 Prepanng the paper work in the right time 
20 Extent of training employees 
21 Delivering the work without remarks 
22 Efficiency of managing projects technically and administratively 
23 Percentage of seif execution in relation to the value of work done 
24 Percentage of participation of the co-specialized departments in the project work 
25 Eflicfency in preparing the necessary documents and change orders 
26 Performing quality tests and experiments 
27 Degree of abiding to the environment rules 
28 Percentage of remainsng unused materials 
29 A biding by the rules of the safety and health 
30 Solving the client problems 
31 Efficiency of the storing method 
1 32 Percentage of salaries to the size of work '" -- 
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Subject tdentrfying Projects' Performance Measures By Project Managers Date: 71511998 
Company. The Arab Contractors Department Water & Sewage No. of Partldpants : 18 
Type of Participants: Project Managers Place: Water & Sewage Cect 
No. Ideas 
33 Managing Health, Safety and administrative secunty 
34 Partial delivery of the project units to the dient 
35 Sending reports to the management 
36 Creating new groups 
37 Control system in the documents of the project 
38 Efficiency of the consultant in design and supervision 
39 Accuracy of measurement the executed work 
40 Supplying liquidity 
41 Minimizing the stored products in relation to the income 
42 Nature and kind of the project 
43 Place and circumstances of the project 
44 Health and social care to the project's workers 
45 Percentage of accidents and their degree 
46 Abiding to the right procedures of purchasing 
47 Efficiency of communication and transfer of information 
48 Degree of following up of subcontractors work 
49 Testing the optimum way of execution 
50 Effect of the execution method on the neighboring sites 
51 Percentage of the value of equipment to the work value 
52 Percentage of work force to the work value 
53 Abiding to the work hours 
54 Talring notice of the clients"remarks 
55 Value of delay fees and deductions in relation to the total value of work 
56 Way of solving problems 
57 Speed of executing the project needs 
58 Efficiency of the suppliers and subcontractors 
59 Degree of abiding to the technical standard' 
60 Financial productivity 
61 Employees Loyalty 
62 Degree of abiding to the general policy of the company 
63 Satisfaction of the project supervising staff 
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Subject Identrfying Projects Performance Measures By Project Managers Date: 7/5/1998 
Company. The Arab Contractors Department Water & Sewage No. of Parodpants -18 
Type of Partklpants: Project Managers PLUM: Water & Sewage Dept 
No. Ideas 
64 Controlling the direct expenses 
65 Existence and application of cost monitoring system 
66 Measuring tools & devices matching the nature of the job and the required accuracy 
67 Rectifying measures of to work that is incompatible 
68 Using the latest technology in execution 
69 Applying the quality plan 
70 Rate of improving profitability 
71 Availability of monitoring data on costs 
72 Efficiency of the procedures of the final delivery 
73 Evaluating the subcontractors and suppliers 
74 Degree of communicating with the client and gaining his confidence 
75 Efficiency of communicating with other company s 
76 Degree of preserving the company's reputation and image 
77 Degree of applying the company's rules 
78 Preparation and accuracy of to time schedule 
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TABLE (3.3c) Idendfvina Prolects' Performance Measures: Generated ideas 
Subject Identrfymg Projects' Performance Measures By Project Managers Date: 9/5/1998 
Company: The Arab Contractors Branch: Nasr City No. of Partfcipanb : 19 
Type of Participants: Project Managers Place. Nasr City Branch 
No. Ideas 
1 Customer Satisfaction 
2 Degree of cooperation between employees 
3 Existence of training programs for the employees 
4 Rate of utilization of the project resources 
5 Percentage of work done in relation to the planned work 
6 Percentage of material wastages 
7 Application and efficiency of the cost monitoring system 
8 Quality of product 
9 Degree ofconformance to the technical specifications 
10 Profitability 
11 Efficiency of invoices' collection 
12 Using modem methods of execution 
13 Employee productivity by pound 
14 Ratio of money collected to the value of work executed 
15 Degree of abiding to the environment protection law regulation 
16 Degree of suitability of the Engineers qualifications to the work 
17' How fast are problems solved and decisions taken 
18 Employees' loyalty 
19 Degree of how the stocks in the stores are related to the time schedule 
20 Percentage of overdraft 
21 Degree of employees' satisfaction 
22 Degree of minimizing the time schedule 
23 The match between the plans of resources requirements and the time schedule 
24 Accuracy of data recording 
25 Accuracy in selecting the subcontractors 
26 Optimal disinbution of work over the duration of the project 
27 Rate of resource utilization 
28 how fast the project management moves to increase the financial credit allocated for the project 
29 Percentage of self executed work 
30 Percentage of the material taken from other projects 
31 Appearance of the project and the employees 
32 Degree of availability of human and mechanical supplies 
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TABLE (3.3c1 Idenäfying Projects' Performance Measures: Generated Ideas (Continued) 
Subject Identifying Projects' Performance Measures By Project Managers Date: 9/5/1998 
Company: The Arab Contractors Branch: Nasr City No. of Part dpants : 19 
Type of Participants: Project Managers Place"Nasr City Branch 
No. Ideas 
33 Efficiency of Document arrangement and book keeping 
34 Quahty of services offered to the employees 
35 Degree of engineers knowledge of financial aspects 
36 Degree of application of the health & safety regulations 
37 Comparing tlhe clients prices with the prices of the subcontractor 
38 Degree of earning the clients confidence and satisfaction 
39 Evaluating the performance of subcontractors 
40 Simplifying execution methods 
41 Degree of adaptation of the execution methods to the work 
42 Nature and place of the project 
43 Organizing and planning the site for optimum use 
44 Efficiency and comfortability of the employee means of transportation 
45 Degree of the speed of completing the project documents with the client 
46 Existence & accuracy of approved qualities of workdone 
47 Minimizing loss for the losing projects 
48 Actual duration in relation to contract duration 
49 Reports of internal quality auditors 
50 Degree of responding to the consultant requirements 
51 Degree of studying the methods and capabilities of the dient to open new job opportunities 
52 Comparing the production rates to the resources available 
53 How does the financial data match the technical data 
54 Percentage of salaries to the executed work done 
55 Calculaäng profitability without cutting the indirect expenses 
56 Degree of overcoming the obstacles facing the project 
57 Degree of efficiency and compatibility of the organizational stare 
58 Degree of employee punctuality 
59 Percentage of sundry expenses to the work size and value 
60 Financial value of the project 
61 Percentage of client complaints or thanks 
62 Degree of following up on the costs breakdown and analysis 
63 Degree of employee effectiveness with the dient 
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TABLE (3.3c) Idenäfvina Protects' Performance Measures: Generated Ideas ICiwmm,. i 
Subjett Identifying Projects' Performance Measures By Project Managers Date: 9/5/1998 
Company: The Arab Contractors Branch: Nest City No. of Participants : 19 
Type of Partidpants: Project Managers Place"Nasr City Brant 
No. Ideas 
64 Liquidity 
65 Suitability of the liberties given to the employees' improvement 
66 Degree of increase in the contract value 
67 Level of utilization of the stock in the project stores 
68 Degree of co-operation with other specialized departments in the company 
69 Emciency of preparing claims 
70 Efficiency of managing the project 
71 Existence of a vision for the overall project duration 
72 Level of utlization of the company's service departments 
73 The effort to increase the employees' income 
74 caring of the sports acäviäes for employees 
75 Percentage of equipment rental in relation to the value of the project 
Nasr 3 
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keeping up the pace of the process. The objective is to separate ideas 
from their authors, to clarify rather than to evaluate, and to ensure 
opportunity for full participation. In this study a list comprising 8 to 12 
measures was obtained from each session. The three lists obtained from 
the three groups are given in Tables 3.4a, 3.4b, and 3.4c, respectively. 
The 'fourth phase, voting and ranking, provides the participants with an 
opportunity to select the most important measures and to rank those 
measures. Each participant is asked to select and write down the eight 
most important measures from the list which was obtained in the 
clarification phase. When all have completed this step, they are asked to 
rank and weight the measures. The most important measures takes 8 
points, the second important takes 7 points, and so on, until the least 
important measure which takes 1 point. When this step is completed, the 
tabulation of the votes takes place. The tabulation process involves 
sorting the votes and recording the weights given to each measure. This 
fourth phase permits the participants to express their individual 
evaluations of the factors in a way that is free of social pressure. It 
provides a constructive method for dealing with conflicts, and leads to a 
clear expression of whatever degree of consensus there may be with 
respects to the importance of the measures. It provides a strong sense of 
group solidarity, a feeling of group accomplishment and a high level of 
interest in future steps in the activity being examined. The session closes 
with a brief discussion of the results of the voting process in which the 
facilitator emphasizes those measures on which there is a strong 
consensus, comments on the future steps and discusses the group's feeling 
about future measurement action.. The three tables 3.5a, 3.5b, and 3.5c 
represent the results of each of the three groups respectively. Table (3.6) 
shows the measures and their relative importance for the three groups, 
and also shows a comparison between the three sets of measures. 
3.3.4 Modified Nominal Group Technique 
For each of the three sessions, a list of the generated ideas, a list of the 
combined measures, and a table of the most important measure together 
with the relative importance of each were obtained . These represent the 
consensus opinions of each of the three individual groups. In order to 
obtain a consensus of more than one group, in this case all the fifty nine 
project managers that participated in the three groups, an extension to the 
traditional NGT is required (Abdel-Razek 1966a, 1977 & 1998a). The 
three lists of the combined measures were analyzed and re-organized to 
produce a new list that comprised all the measures obtained in the 
clarification phases of the three sessions, with minimal modification and 
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TABLE 13.4x1 ldendMnQ Protects Performance Measures by Project ManaQers: ldeas Into Elements 
Subject Identifying Projects' Performance Measures By Project Managers Date: 5/5/1998 
Company: The Arab Contractors Department: Bridges & Specialized Structures No. of Participants : 22 
Type of ParWponts: Project Managers Place: Bridges Department 
No. Elements 
1 Quality measures 
2 Profitability and minimizing losses 
3 Employees' satistacson 
4 Extent of achieving the time scheduale and efficiency of follow up 
5 Cash liquidity 
8 Resources optimizaöon(labour - equipment - materials) 
7 Safety, environment and administration security 
8 Organizational structure and its efficiency 
9 Efficiency of the site technical office and the administrative systems 
10 Methods of execution , its creativity and solving problems,, 
11 Percentage of self executed work done in relation to-subcontractors 
12 percentage of work done during the measurement period 
Bidg" 3 
01 
Mw JM 
Tecu E 13-Abi IdentiMna Protects' Performance measures by Protect Managers : Combining Idea. into EI. in. nts 
Subject Identifying Projecb'Performance Measures By Project Managers Date: 7/5/1998 
Company: The Arab Contractors Department Water & Sewage No. of Partk pants : 18 
Type of Participants: Project Managers Place: Water & Sewage Dept 
No. Elements 
I Profitability / miniming losses 
2 Quality measures 
3 Degree of time schedule achievement 
4 Cash Liquidity 
5 Resources utilization (labor. equipment. materials) 
6 Technical and administrative efficiency of the project 
7 Employees satisfaction and loyalty 
8 Extent of innovation and creativity 
Water 4 
62 
p. ieý.. Mwrý 
TABLE (3.4c) Idenäty$ng Projects' Performance Measures: Combining Ideas Into Elements 
Subject Identifying Projects' Performance Measures By Project Managers Date: 9/5/1998 
Company: The Arab Contractors Branches: Nasr City No. of Partldpsnts : 19 
Type of Participants: Project Managers Place: Nasr C. ty Branch 
No. Elements 
1 Profitability and minimizing losses 
2 Cash liquidity 
3 Quality 
4 Achievement of the time schedule and efficiency of follow up 
5 Optimal use of resources 
6 Technical and administrative efficiency 
7 Employees' satisfaction 
8 Distribution of the value of work done (self, company specialized departments, subcontractors - 
9 Creativity and continuos improvement 
10 Degree of employees' satisfaction 
11 Applying health and safety regulations 
Nasr 4 
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adjustment. The details of the modifications are given in appendix (B). A 
new list of fourteen measures, shown in Table 3.6 was produced. The 
fourteen measures, together with the three original lists were sent to the 
participants. Voting and scoring were carried out again for these fourteen 
measures. The participants were asked to select the eight most important 
factors from the new list and to rank and weight the measures, using the 
same rules as explained previously. These steps of re-organizing the 
measures and re-voting and scoring were added to the traditional NGT 
phases and had been termed Modified NGT (Abdel-Razek 1998a). This 
modification was essential to obtain a consensus from a large group of 
participants and to combine the results of the three NGT sessions. 
3.3.5 Results of Phase 1 
The results are shown in Table 3.7. It shows the eleven measures that 
represent the consensus of opinion of all the project managers on the 
measures by which they would like their project performance to be 
measured, together with each measure's relative importance. These 
measures and their relative importance are: profitability 16%, technical 
and administrative efficiency 14%; achievement of time schedule 13%; 
utilization of project resources 12%; quality 11%; cash liquidity 9%; 
continuous improvement 7%; employee satisfaction 5%; commitment to 
health and safety, environment and security regulations 5%; customer 
satisfaction 4%; distribution of the value of work done (own workforce, 
other company's departments, and Subcontractors) 4%. 
3.4 PHASE 2: SENIOR MANAGEMENT CONSENSUS OPINION 
3.4.1 Methodology and Data Collection 
The Delphi Technique was used in this phase of the study. This is a 
method of eliciting and refining group judgments. The Delphi technique 
can be described as an exercise in which a questionnaire is designed and 
sent to a large respondent group. After the questionnaire is returned, the 
results are summarized, and based on these results, a new questionnaire is 
developed for the respondent group. The respondent group is usually 
given at least one opportunity to re-evaluate original answers based on the 
examination of the group response (Dalkey et al. 1969 and 1972, Linstone 
and Turroff 1975, Dell'solla 1975, Laufer and Borcherding 1981, Abdel- 
Razek 1996b & 1998b). Laufer and Borcherding, stated that : "the Delphi 
technique was proved to be a very effective research method in several 
pioneering studies, it makes possible a systematic exploration and a 
probing of new ideas generated by a group, specially when the subject 
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does not lend itself to precise analytical techniques but can benefit from 
selective judgements on a collective basis", (Laufer and Borcherding 
1981). 
As mentioned earlier the company consists of twenty four branches and 
departments. Sixteen branches/departments were selected on the basis that 
they do similar work, and hence their project performance could be 
evaluated using the same measures. The heads of the sixteen 
bran ches/departments, representing senior management of the company, 
participated in the second phase of the study. Therefore, the Delphi panel 
in this study was made up of 16 company senior managers from 16 
different branches/departments and represented respected authorities in 
the company. 
The study comprised three rounds of questionnaires, of which two 
included feedback of results. The questionnaire was designed and sent to 
each manager. Each questionnaire was accompanied by a list of the 
project managers' eleven performance measures, each measure relative 
importance, the constituent elements of each measure, and explanation of 
the terms mentioned in the questionnaire. They were asked to: modify the 
measures by adding or deleting measures; modify the relative importance 
of any of the measures; write any remarks on any of the measures; and 
write any general observations. The sixteen respondents completed all 
three rounds of the questionnaires. 
The objective was to obtain from the respondents a consensus conclusion 
on the measures required to evaluate construction projects performance in 
the company, together with each measure's relative importance. The 
results represent the views of the senior managers of the company. They 
do not necessarily represent the views of all the Egyptian senior 
management working in the contracting field. However, in view of the 
size and market share of this company and the number of the senior 
managers participating in the study, the results should give a good 
indication of the attitude of construction industry leaders towards project 
performance and ways of measuring it. 
3.4.2 Results of Phase 2 
Senior managers, in the first round, changed the relative importance of 
the measures and added four measures to the project managers' eleven 
measures, as shown in Table (3.8). These new measures were: efficiency 
of documentation; the project appearance; subcontractor's satisfaction; 
and efficiency of the site technical office. However, the weights given to 
these measures were too small to establish new measures and it was 
decided in the next round that they should be included as constituent 
elements of the relevant measures. Senior managers also suggested 
C PEau, MT OS 72 
transferring several constituent elements form one measure to another, 
and also adding some constituent elements to certain measures. For 
example, remove the sub-measure of "efficiency of security regulations" 
from the measure " commitment to health and safety, environment and 
security regulations", and replace it as a constituent element of the 
measure " technical and administrative efficiency". These modifications 
were carried out and eleven measures were concluded and were voted 
for . The final measures with their relative 
importance were obtained 
and are given in Table (3.9) illustrated graphically in Fig (3.1). Table 
(3.9) shows the eleven measures and the relative importance of each as a 
percentage, and Fig (3.1) illustrates the results graphically. The 
performance measures and their relative importance were: profitability 
16%; achievement of time schedule 14%; technical and administrative 
efficiency 13%; utilization of project resources 12%; quality 11%; cash 
liquidity 10%; continuous improvement 6%; commitment to health and 
safety, and environment regulations 5%; external customer satisfaction 
5%; distribution of the value of work done (own work force, other 
company's departments, subcontractors) 4%; and employees 
satisfaction 4%. 
Some additional remarks were also given by senior managers but they 
did not obtain consensus. The most important were: remove the 
measures that are difficult to measure objectively and quantitatively, for 
example "technical and administrative efficiency"; create three different 
sets of measures to suit three types of work: housing, water and sewage, 
and public building projects; remove the measure "optimum utilization 
of resources" and include it as a constituent element of the measure 
"technical and administrative efficiency". Although these remarks did 
not obtain a consensus, it was decided to present them to top 
management in the third phase of the study. 
The questionnaire and its contents, the sixteen branches/departments that 
participated in the study, the summary and analysis of the data received 
from the sixteen replies, and the remarks given by each senior manager 
are given in Appendix (B). 
3.5 PHASE 3: TOP MANAGEMENT OPINION AND MODIFICATIONS 
The opinion of top management on the measures were obtained through 
interviews. The top management was represented by the chairman, and 
fifteen board directors. They were given the consensus opinions of both 
project managers and the senior managers on the measures and their 
relative importance, together with the senior managers' remarks. They 
were asked to give their modifications on the measures and their weights 
as they saw appropriate. 
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TABLE (3.9) Projects' Performance Measures and their 
Relative Importance: Consensus Opinion of Senior Managers 
No. Measure Relative Importance (%) 
1 Profitability 16 
2 Degree of achieving the time schedule 14 
3 Technical & Administrative Efficiency 13 
4 Resource Utilization 12 
5 Quality 11 
6 Cash liquidity 10 
7 Continuous improvement 6 
8 
Applying the safety , health & environmental 
regulations 
5 
9 Satisfaction of the external customer 5 
10 
Distribution of the value of work done (self, 
specialized departments, sub-contractors) 
4 
11 Employee satisfaction 4 
Total 100 
Dina/dIdatafiophd/book2. zls 
75 
In 
0 
o 
E 
42 
im 
0. i 
bsOö 
vÜO 
sue.. 
cn U G4 CO v' 
c"O-C 
C4. a ray' 
pGi 
.r 
"r txA öÖ=Ü> 
CD u 
y 4" 
- 
cci cd «- 
V O'' v> ors 
4 :1 c2. 
QÖ. 
-q U CD« "a 
xO 
ci . ý, ý Cl) cp Q) 
C 
e Cli 
p., HQQQ ýn cý 
ZNM [ý 00 Oý 
.C 
a) 
:. i 
C 
G 
0. 
E 
a) 
L 
C 
Co 
3O 
N 
Cý 
(D ß 
E 
00 
CL 
*0 a) o C)) 
age 
M .ýö 
L 
76 
All agreed, individually, to reduce the number of measures for simplicity 
and practicality. They also suggested that a reduced number of measures 
could be introduced as a first implementation stage, new measures could 
be added later as the evaluation system matures and becomes more 
familiar to the project managers. Their concerns were also given for 
measures that are difficult to measure objectively. Their consensus 
opinion could be summarized in the following four points: 
a) Include the two measures of technical and administrative efficiency" 
and "the optimum use of resources" with their weights of 13% and 
12% respectively into other measures. These other measures were 
selected as "profitability" and "achievement of project schedule". 
The weights of the first two measures will be allocated to the second 
two, that is, profitability weight becomes 30%, and achievement of 
project schedule becomes 25%. 
b) The cancellation of the measure "employee satisfaction", and 
changing it to "the quality of services offered to employees", and 
include this as a constituent element of the quality measure. Its 
weight of 4% will be added to the quality measure to become 15% 
instead of its original weight of 11 %. 
c) The cancellation of the measure "distribution of value of work done 
by project workforce, other company departments, and 
subcontractors". The reason for this is that project managers are not 
authorized to take decisions on this matter and hence they should not 
be held responsible for it. The weight that was given to this measure 
will be added to the measure of "customer satisfaction", which they 
considered to be an important measure. Its weight will be increased 
from 5% to 10%. 
d) The measures should be divided into two categories: 
i) General measures: These measures include quality, customer 
satisfaction, commitment to health and safety and 
environmental regulations, and continuous improvement. All 
the projects will be evaluated and their performance compared 
with each other on exactly the same basis for these three 
measures. 
ii) Special measures: These measures include profitability, 
achievement of time schedule, and cash liquidity. For these 
measures the project performance will be measured according 
to the goals and objectives allocated to each individual project 
by its branch/department senior management. 
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3.6 FINAL RESULTS 
3.6.1 Measures and Relative Importance 
The modifications given above were carried out and seven measures 
were produced. The final seven measures and their relative importance 
are: profitability 30%; achievement of time schedule 25%; quality 15%; 
liquidity 10%; customer satisfaction 10%; continuous improvement 5% 
and commitment to the health and safety and environmental regulations 
5%. Table 3.10 shows the final project performance measures and their 
relative importance, and fig 3.2 illustrates the results graphically. 
TABLE 3.10 Final Project Performance Measures and their Relative 
Importance 
No. Measures Relative Responsibility 
Importance (%) for 
Measurement 
1 Profitability 30 Branch Technical 
Office 
2 Achievement of time schedule 25 Central Quality 
Department 
3 Quality 15 Central Quality 
Dept. 
4 Liquidity 10 Branch Financial 
De t. 
5 Customer satisfaction 10 Central Quality 
Dept. 
6 Continuous improvement 5 Branch Technical 
Office 
7 Implementation of health, 5 Health & Safety 
safety & environmental Dept. 
regulations 
Total 100 
These results represent the consensus of the managers. They are used later 
within the research for the analysis of project performance and as a basis for 
assessing the company performance. 
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3.6.2 Measurement Process 
It was decided by top management that the measurement process will be 
carried out in two stages: 
i) Monthly: The evaluation will be, based only on two measures, 
profitability and achievement of time schedule. The weight allocated to 
the monthly evaluation is 20 marks. 
ii) Quarterly: The evaluation will be based on all the seven 
measures. The weight allocated to the quarterly evaluation is 60 marks. 
iii) Overall project performance: This will be carried out quarterly. 
The total weight of 100 marks will be allocated every three months, this 
is the combination of the evaluation result of month (20 marks), the 
second month (20 marks), and the third month (60 marks). 
3.6.3 Responsibility of measurement 
For the successful implementation of the evaluation system top 
management gave important consideration to the careful assignment of 
individuals or units - that will carry out measurement activities for each 
measure. It was decided that the branch technical office, the branch 
financial department, the company's central quality department, and the 
company's health and safety department will carry out the measurement. 
Branch technical office will carry out the measures: profitability, and 
continuous improvement. Branch financial department will carry out the 
liquidity measure. The company's central quality department will carry 
out the measures of quality, customer satisfaction, and achievement of 
time schedule. The measure of commitment to health and safety and 
environmental regulations will be carried out by the company's health 
and safety department. Table 3.10, also shows the department or unit 
that is responsible for carrying out the measurement for each measure. 
3.7 COMPARISON WITH OTHER PERFORMANCE INDICATORS 
The final project performance measures developed by the senior 
managers (profitability, achievement of time schedule, quality, liquidity, 
customer satisfaction, continuous improvement and health, safety and 
environment) were compared with , other examples of performance 
measurement identified by other studies and other organisations. 
The IBM Consulting Group report, 'Made in Europe' (1993) summarise 
the results from a best practice review of Manufacturing in four European 
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nations. This identified; Quality, Lean Production; Logistics; 
Organisation and Culture; Manufacturing Systems and Concurrent 
Engineering as the top-level performance indicators. 
The report of the Agile Construction Initiative, (1998), focused on the key 
performance indicators identified by construction clients: cost 
performance; programme performance; tendering arrangements; project 
quality; and working relationships. Through these performance 
indicators, eight construction clients were able to assess different 
contractors' organisations. 
The Construction Industry Institute, (CII) and European Construction 
Institute, (ECI), have developed a benchmarking system that focuses 
metrics of Cost, Time Schedule, Safety, and Customer Satisfaction, (CCI 
1999, and ECI 1999). In each of these categories the system evaluates the 
effectiveness of the following practices: team building; zero accidents; 
constructability; pre-project planning; project change management; scope 
definition and control; strategic alliance; design and information 
technology. Companies, clients, contractors, and engineering consultants, 
contribute project information annually, to enhance the overall database 
and measure their individual improvement on construction projects 
against the trends of all the participant organisations. 
The Construction Industry Best Practice Programme, (CBPP, 1999), 
identifies ten key Performance Indicators: construction cost; construction 
time; cost predictability; time predictability; defects; client product 
satisfaction; client service satisfaction; safety; profitability; and 
productivity. These indicators are presented across the following 
categories of construction work: New-build housing (public); New-build 
Housing (private); New-build Non Housing (public); New-build Non 
Housing (private); Infrastructure; and Repair and Maintenance and 
Refurbishment. 
A review of these other benchmarking initiatives reveals that, as 
expected, the level of detail of the indicators used depend on the 
perspective, (supplier, customer), the area of application and the phase of 
development of the initiative. Irrespective of this however several metrics 
are central to any benchmarking initiative: cost/profitability; safety; 
quality/client satisfaction; and time schedule. Comparisons of the 
initiatives identified above with those identified by the managers of Arab 
Contractors validate the framework a suitable framework for 
benchmarking their company performance. 
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3.8 CONCLUSIONS 
This chapter summarizes a study that was carried out to describe a 
methodology capable of obtaining contracting companies' consensus 
opinion on measures to evaluate the performance of their construction 
projects. It explains how the Nominal Group Technique and the Delphi 
technique could be utilized to achieve this objective. It also describes the 
details and results of the application of these techniques that were carried 
out in the largest contracting company in Egypt, and one of the largest 
contracting companies in the Middle East. 
The Study consisted of three phases: project managers' consensus 
opinion; senior managers' consensus opinions; and top management 
modifications and adjustments. A consensus of opinion of ninety one 
managers and directors - fifty nine project managers, sixteen senior 
managers, fifteen board directors, and the chairman of the company - and 
was obtained on seven, measures to measure projects' performance, 
together with the relative importance of each measure. The final 
consensus measures, were:, profitability 30%; achievement of time 
schedule 25%; quality 15%; liquidity 10%, customer satisfaction 10%; 
continuous improvement 5% ; and commitment to the health and safety 
and environmental regulations 5%. 
The Nominal Group technique and the Delphi technique have proved to 
be very effective research methods. Each technique makes possible a 
systematic exploration and a probing of new ideas generated by a group, 
specially when the subject does not lend itself to precise analytical 
techniques but can benefit from selective judgements on a collective 
basis. 
The final consensus measures identified the following measures as the 
three most important: profitability, (30%); achievement of time schedule, 
(25%); and quality, (15%). Of these three, the company already had 
measures in place to monitor profitability, (Financial and Management 
Accounting Methods), and achievement of time schedule, (Project 
Management and Planning). Therefore, it was decided that the next focus 
of management should be the development of measures to monitor 
quality. The development of these measures is described in the next 
chapter. 
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CHAPTER (4) 
DETERMINATION OF QUALITY MEASURES FOR, 
CONSTRUCTION PROJECTS 
4.1 INTRODUCTION 
The goal of high quality is 'common to all countries., This common goal must compete 
with other national goals amid the massive national forces - economic. s, cial and 
political - which determine the national priorities. Construction companies which are 
engaged in operations of an international nature are increasing as trade ba iers are, 
progressively removed. The growth of international trade and of muh national 
companies , 
has forced the national construction companies to direct their attention 
toward improving quality. However, the construction industry in EK-; t is still 
characterized by poor quality. 
Numerous studies have been carried out that quantified the cost of quality in design 
and construction ("Quality in" 1982, "Cost" 1989, "Measuring" 1989, "The Quality- 
1990); defined the factors affecting quality ("Achieving" 1987, Fletcher and Scivyer 
1988, Dalton 1988, Griffith 1990); developed and explained quality management 
systems ("BS 5750" 1987, "ISO 9000" 1992, Hughes and Williams 1992, Harris and 
McCaffer 1993, Flood 1993, Johnson 1993); and developed methods of measuring 
quality (Glagola et al. 1992, "The Blueprint" 1994, Stevens et al. 1994a and 1994 b. 
Stevens 1996). However, there is no current published work that addresses any of 
these aspects of quality in a way that relates to, or is adapted to suit, the economic, 
political, social and technological environment of developing countries. Nor is there 
any published work that is written from a standpoint of a developing country, taking 
into account its construction managers' opinion and the structure of its construction 
industry and organizations. There is, therefore, an obvious need for extensive studies 
on how to measure construction quality in developing countries on both a national and 
a company level, and on the relations between the two levels. This is an important 
national and international undertaking. 
Egypt, as well as the majority of developing countries, has been relying completely on 
the philosophies, methods and techniques concerning quality that were initiated and 
developed in both the West and the Far East. These have been accepted and ill-applied 
without any adaptation to suit their specific background. Efforts to measure quality in 
developing countries should be based on methods that are rooted in their own specific 
cultures and that stem from their own economic and technological backgrounds. The 
characteristics of these specific backgrounds should be turned to advantages to give a 
competitive edge instead of being regarded, as is the case now, as constraints and 
limitations in the application of the methods and techniques expounded in modem 
imported philosophies on quality. Furthermore, it is of great importance to developing 
countries to use appropriate methods in quality management. Simple basic methods 
and techniques will in most cases give better results than currently fashionable 
methods (Abdel-Razek 1996a). The focus should be shifted from a method-oriented 
approach to a more problem-oriented one, with increased emphasis placed on studies 
of established facts. Such an approach will provide a better basis for successful 
development of construction quality in Egypt (Abdel-Razek 1996b). Determining the 
construction managers' viewpoint on the factors which would measure construction 
quality on their projects, together with the relative importance of each factor is, 
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therefore, an essential first step towards establishing methods for the real measurement 
of construction quality in Egypt and probably in most developing countries. This 
chapter describes a method of obtaining construction managers' consensus opinion on 
factors to measure quality on their projects. It also explains the details and results of 
the application of these measures that was carried out in the largest contracting 
company in Egypt and one of the largest in the Middle East. 
4.2 THE OBJECTIVE OF THE CHAPTER 
The objective of this chapter is to review the meaning, causes and importance of 
construction quality in the literature, to identify a method capable of obtaining 
construction project managers' and quality managers' consensus opinion on the 
measures required , 
to, measure quality on a contracting company's projects, and to 
apply this method in the largest contracting company in Egypt to determine these, 
measures and their relative importance. 
4.3 CAUSES AND IMPORTANCE OF QUALITY IN CONSTRUCTION 
Several studies and reports originating from the USA and UK recognize that problems 
surrounding poor construction quality constitute a major issue requiring rapid and 
positive measurement ("Quality in" 1982, "Achieving" 1987, Burati and Farrington 
1987, Davis and Ledbetter 1987, Mathews, and Burati 1989, Griffith 1990). Many of 
the findings of a study carried out in the UK in 1982 ("Quality in" 1982) allocate 
blame for poor quality to factors very similar to those identified in another study 
carried out in 1987("Achieving" 1987). Aspects such as the following are highlighted 
in the two studies: inadequate information, poor communications, poor care in 
workmanship and the lack of site supervision. The latter study stated that the types of 
problems found relate to traditional and well established construction practices and 
therefore, adoption of innovative practices was not in any way to blame. 
The Quality Management Task Force (QMTF) of the Construction Industry Institute 
(CII) has developed a Quality Performance Management System (QPMS) which is 
based on the premise that quality costs can be adequately tracked ("Measuring" 1989). 
The QMTF conducted research to identify and quantify the rework costs (including 
repair and replacement) of correcting quality deviations in design and construction 
(including fabrication, transportation, and operability). The study found that the 
average cost of rework on industrial projects exceeded 12 percent. Design deviations 
accounted for roughly 80 percent of the increased costs, while construction deviations 
accounted for about 20 percent ("Cost" 1989). Failure to maintain quality costs the 
U. S. construction industry over $15 billion a year in rework expense alone. Additional 
costs for other quality failures may bring the total to more than twice that amount 
("Measuring" 1989). The cost of quality was estimated to be at least one-fourth the 
total of the project cost ("The Quality" 1990). A study carried out in the UK by the 
Building Research Establishment (BRE) concluded that without measurement in 
design and construction quality, houses being built now will require excessive 
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maintenance and repair, giving rise to costs which may total up to two-thirds of the 
initial price. Furthermore, around one-third of the fault types were unlikely to be 
remedied due to the high cost of remedial work once construction was complete 
("Quality in" 1982). 
4.4 QUALITY PERCEPTION IN CONSTRUCTION 
Definitions of quality abound. For many years there have been attempts to define the 
meaning' of quality, often in general terms, yet more recently in terms of the 
formulation of quality through "Quality Assurance Systems". Some definitions result 
from authoritative documentation, whilst others express experiences, -opinions and 
conjecture. Although considerable disparity pervades, there is also much common 
ground in the various definitions. The British Standards Institution defines quality as 
"the totality of features and characteristics of a product or service that bear on its 
ability to satisfy stated and implied needs" (British Standards Institution 1987). In the 
context of construction, the BRE (Building Research Establishment 1978) provides 
further explanation: "the totality of the attributes of a building that enable it to satisfy 
needs, including the way in which individual attributes (external attributes; 
performance attributes; aesthetic and " amenity attributes) are related, balanced and 
integrated in the whole building and its surroundings". Another definition, which is 
simple and has relevance and clarity for projects is given by the Construction Industry 
Institute (1990) as: "conformance to established requirements". This definition, while 
simple, cannot stand-alone. Another definition is needed for the term requirements. 
Requirements are: "contractually established characteristics of a product, process or 
service". A characteristic is: "a physical or chemical property; a dimension; a 
temperature; a pressure or any other specification used to define the nature of a 
product, process or service". (Construction Industry Institute 1990, Ledbetter and 
Wolter 1992, Ledbetter 1994). 
Although quality can be defined, the perception of quality lacks clear description. 
Superficial perceptions have described quality as differences in structural stability, 
precision, durability and, more frequently, as appearance. Quality is, in more ways, 
subjective and, therefore, becomes a matter of judgment. For a clear perception there 
are a number of aspects that should be considered. These aspects are stated by Griffith 
(1990) to be: function; durability; economy; aesthetics; and depreciation. The 
interpretation of quality is equally ambiguous. The quality definitions given above, 
which are widely recognized in the construction industry, attempt to make quality 
finite and factual, yet quality' in practice remains quite subjective in nature. 
"Conceptual Quality" describes the client's needs and desires for a quality product. The 
project requirements are initially set by the client and are then translated during the 
preplanning phase into a conceptual design and estimate, developed into a project 
scope, and more fully defined. The requirements are then translated into specific 
design documents during the design phase. The design documents reach the 
construction site for erection during the construction phase. Following construction, 
the facility is started up during the startup phase. The architect's search for value for 
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money aims to provide an acceptable standard of construction, at an acceptable cost 
and produced in a feasible production time. At the workplace, quality is directed 
towards the skill of the craftsman. Interpretation of quality, therefore, depends 
fundamentally upon one's viewpoint within the construction process. 
4.5 DETERMINATION OF QUALITY MEASURES 
The process to determine the consensus opinion on the measures required measuring 
quality on construction projects was carried out , as shown in Fig. 4.1, in five steps : 
select of representative samples of the company's project managers and quality 
managers; carry out Nominal Group Technique (NGT) sessions for each group and 
identify their consensus opinion, analyze and compare results; re-organize the 
measures and re-vote and score; and determine consensus opinion of all participants. 
4.5.1 Selection Of The Participants 
Twenty three selected managers participated in this study, 11 of whom are 
construction project managers and 12 are quality managers, all from The Arab 
Contractors Company, Osman A. Osman & Co. 
Project managers: 
The company has ten major activities. A Pareto analysis of these activities and their 
values in monetary terms showed that only four activities contribute 84.70% of the 
overall value. These activities are: water and sewage; public buildings; transpiration; 
and housing. These activities are mainly carried out by three of the company's 
departments and branches, namely, the Bridges and Specialized Structures 
Department, the Water and Sewage Department, and Nasser City branch. The eleven 
project managers that participated in this study were selected from these three 
departments, and were defined by their superiors as successful project managers. They 
had from 18 to 26 year's work experience, and they all had university degrees in 
engineering. Their projects' values ranged from 15 to 200 million Egyptian pounds. 
Details of the participants and their project are given in Appendix (C), Tables cl, c2, 
and c3. 
Quality Managers: I 
The company consists of twenty-four branches and departments. Sixteen branches / 
departments were selected on the basis that they do similar work, and hence their 
projects could be evaluated using the same quality measures. The heads of the quality 
divisions of twelve different branches / departments representing the company's senior 
quality managers, participated in the study. Details of the participants and their 
branches are given in Appendix (C) Tables c2 and c3. 
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Identify Participated Departments and Branches 
Select the Participants 
Apply (NGT) Method for Each 
Group and Obtain Consensus 
"Opinion 
Analyze and Compare the Groups' Results 
Re-organize the Measures and Re-voting 
by All Participants 
Conclude Consensus Quality Measures and 
Their Relative Importance 
FIG. 4.1 Steps of Determining project Quality Measures and their 
Relative Importance 
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4.6 PHASE 1: PROJECT MANAGER'S CONSENSUS OPINION 
4.6.1 Methodology And Date Collection 
The data of this phase of the study were collected from the participants through the 
application . 
of the "Nominal Group Technique" (NGT ). In this study the application 
of the technique was carried out in the company with the author acting as the 
facilitator. The objective was to obtain from the construction project managers a 
consensus conclusion on the quality measures, by which the company's projects 
should be measured, together with each measure's relative importance. The data are 
biased in one aspect: all the participated project managers were defined by their 
superiors as successful ones. The results represent the views of the successful 
construction project managers of the company. They do not necessarilysepresent all 
Egyptian construction project managers. However, in view of the size and market 
share of this company (about 50 %), the results should give a good guide to the 
attitude of Egyptian construction project managers working in the contracting field 
towards appropriate quality measures. 
4.6.2 Voting and Scoring Results 
The results of the session were analyzed and the participants' conclusions were 
obtained. Sixty-four ideas were identified and are given in Table 4.1, which were 
combined by the participants into 10 measures, as shown in Table 4.2. Voting and 
scoring were carried out for these 10 measures. The results are shown in Table 4.3 and 
summarized in table 4.4. The results represent the consensus of opinion of the 
construction project managers on the quality measures, together with the relative 
importance of each measure as a score and percentage. The ten measures are: quality 
of execution (20.50%); quality of incoming materials (16.67%); efficiency of the 
inspection and testing systems (15.62%); degree of customer satisfaction (12.15%); 
efficiency of the storing systems for materials and equipment (7.29%); continuous 
improvement of quality (7.29%); safety and health regulations (6.94%); accuracy of 
measurement and testing devices (5.55%); quality of equipment work (5.21%); and 
appearance of the staff and project (2.78%). 
4.7 PHASE 2: QUALITY MANGERS' CONSENSUS OPINION 
The data and results of the 12 quality managers were also obtained from the 
participants through the application of the Nominal Group Technique. The application 
of the technique was carried out in the company with the author acting as the 
facilitator. The results of the session were analyzed and the participants' conclusions 
were obtained. Seventy-eight ideas were generated and are given in Table 4.5 which 
were combined into ten measures, as shown in Table 4.6. The ten combined measures- 
are: degree of customer satisfaction; quality of the _ supplies 
(materials - designs -. 
subcontractors); quality of execution (primary - final); efficiency of the measuring, 
testing and inspection devices; extent of progress in the implementation and 
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TABLE (4-1) Identification of Projects' Oualitv Measures by Project Mnnaoerc" (; enernter1 T, 
Subject: Identifying Quality Measures For Projects By Project Managers Date: 141.11998 
Company: The Arab Contractors Department/Branch: Nasr City, Water & Sewage, Bridges 
Type of Participants: Project Managers' No. of Participants: 11 Place: Shooting Club Building 
No. Ideas 
1 Conducting the necessary testes on materials 
2 Abiding to the expiration date of materials 
3 Abiding to the necessary testes 
4 Extent of achieving the test results 
5 Obligation of suppliers to present the results of the necessary tests 
6 Percentage of minimizing wastage 
7 Degree of suitability of the material used 
8 Efficiency of preserving the materials in the stores (heat, humidity,.... ) 
9 Choosing the proper committee to check the materials on site 
10 Extent of realizing the needs plan according to the time schedule 
11 Percentage of minimizing the remaining materials 
12 Clearance of the storing instructions for each material 
13 Existence of operation manual according to the administrative structure 
14 Efficiency of planning and organization on site 
15 Using the latest methods of execution 
16 Extent of improving the work instruction on the project 
17 Existence and efficiency of a cost monitoring system 
18 Extent of documenting the information of the product 
19 Efficiency of documenting and following up on the mistakes and problems 
20 Efficiency of documentation 
21 Documentation of work completed 
22 Extent of following the safety and health regulations 
23 Documenting the primary and final delivery documents 
24 Putting signs and safety signs all over the project 
25 Minimizing the product cost and maintaining the same quality 
26 Existence of the detailed international specifications 
27 Existence of an insurance policy on the project 
28 Number and value of the delivering documents 
29 Existence of statistical methods 
30 Number of repeating the error for each product 
31 Follow up on executing the correction actions 
32 Degree of abiding to the reports of the quality controllers 
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TABLE (4-1) Identification of Projects' puality Measures by Proiect Managers' GenerMMM Tc1c-ac (f nnt; nnpri) 
Subject: Identifying Quality Measures For Projects By Project Managers Date: 14/2/1998 
Company: The Arab Contractors Department/Branch: Nasr City, Water & Sewage, Bridges 
Type of Participants: Project Managers No. of Participants: 11 Place: Shooting Club Building 
No. Ideas 
33 Extent of response of the project management to the improvement ideas 
34 Existence and efficiency of a performance evaluation system for the subcontractors 
35 Existence and efficiency of a performance evaluation system for the self execution 
36 Existence and efficiency of a performance evaluation system for the suppliers 
37 Existence of measurement devices & tools 
38 Efficiency of using the measurement devices & tools - 
39 Knowing the quality allowances limit of each product 
40 Periodical maintenance to the measurement devices 
41 Abiding to the periodical maintenance dates of the equipment 
42 Putting a standard for the effect of the equipment on the quality 
43 Existence and efficiency of the laboratory 
44 Presence of the special specifications of the project and the special part with each special section 
45 Increasing the efficiency of the workers 
46 Presence and the extent of applying the training plan 
47 Quality of the site offices and its compatibility to the place of the project 
48 Degree of loyalty of the employees 
49 Abiding to the rules and regulations of the company 
50 Training of the purchase 
51 Visiting similar projects 
52 Quality of the general presence of the project and the employees (internal & external) 
53 Benefiting from documenting the project 
54 Taking the opinion of the client 
55 Value of the penalties in relation to the total value of work 
56 Degree of abiding to the notes of the client 
57 Value of deductions on the default work 
58 Repeat of the client complaints 
59 Percentage of the delivered work to the finished work 
60 After sale services 
61 Nominated Supplies 
62 Fulfill the client expectation 
63 Documenting the complaints of the client 
64 Existence of a system to make sure that the work conforms with the specifications step by step 
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TABLE (4.2) Identification of Projects' Quality Measures by Project Managers: Combining Ideas into 
Measures 
Subject: Identifying Quality Measures For Projects By Project Managers Date: 14/5/1998 
Company: The Arab Contractors Department: Nasr City No. of Participants : 11 
Type of Participants: Project Managers Place: Shooting Club Building 
No. Measures 
1 Degree of customer satisfaction 
2 Quality of materials (Inspections & Tests) 
3 Efficiency of the storing system for materials 
4 Quality of execution (tests and execution methods) 
5 Efficiency of the measurement & testing devices 
6 Progress in implementing and improving the quality system 
7 Continuous improvement 
8 Following the safety and health regulations 
9 Efficiency of the site planning and the appearance of the workers & Project 
10 Efficiency of the equipment management 
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TABLE (4.5) Identification of Proiects' Oualitv Measures by Ouality Mar, AOPre" rrnPrataii Tike, 
Subject: Identifying Quality Measures For Projects By Quality Managers Date: 13/5/1998 
Company: The Arab Contractors Department/Branch: Quality Assurance Depts. 
Type of Participants: Quality Assurance Managers No. of Participants: 12 Place: Shooting Club Building 
No. Ideas 
I Degree of controlling the supplies of materials 
2 Efficiency of the equipment maintenance system 
3 Existence of a quality plan 
4 Degree of employees experience 
5 Methods of testing 
6 Percentage of default products 
7 Relation with the consultant 
8 Efficiency of using equipment 
9 Percentage of rejected work 
10 Efficiency of the completed product maintenance system 
11 Value of new contracts 
12 Client's opinion of the quality of the product 
13 Percentage of the remaining material in the project 
14 Degree of achieving the technical standards 
15 Existence and suitability of the measurement devices 
16 Value of measurement devices to the total value of work done 
17 Percentage and number of client's complaints 
18 Percentage of waste in the stores 
19 Percentage of waste during execution 
20 Efficiency of following up during the execution phases 
21 Extent of compatibility of the tests to the items 
22 Percentage of repairing the default work 
23 Degree of creativity and improvement from the employees 
24 Percentage of employee's injuries 
25 Percentage of changing orders to the total items 
26 Percentage of the work items that follow the international standards 
27 After sale services 
28 Measuring the time waste 
29 Degree of applying the Health & Safety Regulation 
30 Efficiency of planning and organizing the site 
31 Efficiency of the training plan and if it is suitable to the needs 
32 Deviations in the estimated measurement data 
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TABLE (4.5) Identification of Projects' Quality Measures by Oualitv Manaaerc (empr tpA Tdeac trn., *;.,,,... 4% 
Subject: Identifying Quality Measures For Projects By Quality Managers Date: 13/5/1998 
Company: The Arab Contractors Department/Branch: Quality Assurance Depts. 
Type of Participants: Quality Assurance Managers No. of Participants: 12 Place: Shooting Club Building 
No. Ideas 
33 Percentage of work items that has work instructions to the total items 
34 Appearance of the project and the workers 
35 Existence of a system to evaluate the subcontractors 
36 Discussing quality and its problems in periodical meetings 
37 Presence of clear drawings and specifications 
38 Presence of a measurement plan for devices & tools and following up on it 
39 Existence of facilities to apply the specifications easily 
40 Extent of using the latest methods in execution 
41 Number of organizational changes on the project 
42 Existence and the extent of abiding to the environmental plan 
43 Percentage of delivering work to the executed work 
44 Efficiency of the project manager's review of the qualtiy 
45 Percentage of the delivered work to the finished work 
46 Percentage of the repeated faults to the total faults 
47 Presence and extent of using the statistical methods 
48 Number of the cases of non-conformance 
49 Percentage of executing the correctional procedure to the number of cases of non-conformance 
50 Extent of improvement in the value of technical errors and repeated work 
51 Existence and efficiency of the safety and health plan 
52 Number of precautionary measures 
53 Existence of a system to evaluate suppliers 
54 Measuring the productivity of equipment 
55 Measuring the productivity of Labor 
56 Whether the design matches the client's needs 
57 Percentage of delay fees to the value of executed work 
58 Number of training hours 
59 Percentage of repeating default work cost to the executed work 
60 Percentage of the cost of the executed to the contract price 
61 Existence of sufficient liberties to the quality controllers 
62 Degree of support of the project manager to the quality staff 
63 Existence of the quality and cost control systems 
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TARIT (4S) Identification of Proiects' Quality Measures by Quality Mana2ers: Generated Ideas (Continued) 
Subject: Identifying Quality Measures For Projects By Quality Managers Date: 13/5/1998 
Company: The Arab Contractors Department/Branch: Quality Assurance Depts. 
Type of Participants: Quality Assurance Managers No. of Participants: 12 Place: Shooting Club Building 
No. Ideas 
64 Choosing the most suitable way of execution 
65 Degree of performance improvement 
66 Efficiency of managing the project 
67 Independence of quality controllers 
68 Existence of a system to analyze customer's complaints 
69 Efficiency of Employees' Performance appraisal system 
70 Existence and efficiency of the document control system 
71 Degree of employees participation in the continuous improvement 
72 Efficiency of applying the materials procurement plan 
73 Degree of cooperation in the project team (financial - technical) 
74 Planning the location of equipment on the site 
Percentage of the financial cash to the work value 
Percentage of bonuses for improving quality to the total value of the project 
M 
Efficiency of the communication system on the project 
78 Precision in obtaining actual 
data about the project 
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TABLE (4.6) Identification of Projects' Quality Measures by Quality Managers: Combining Ideas into 
Measures 
Subject: Identifying Quality Indicators For Projects By Quality Assurance Managers, Date: 13/5/1998 
Company: The Arab Contractors , Department/Branch: Quality Assurance Depts. ' 
Type of Participants: Quality Assurance Managers No. of Participants: 12 Place: Shooting Club Building 
No. Measures 
I Degree of customer satisfaction 
2 Quality of the, supplies (materials - designs - subcontractors) 
3 Quality of execution (primary - final ) 
4 Efficiency of the measuring, testing and inspection devices 
5 Extent of progress in the implementation and improvement of the quality system 
6 Product's quality improvement indicators 
7 Extent of the continuous improvement 
8 Efficiency of equipment management 
9 Extent of applying the safety, health and environmental plans 
10 Efficiency of site planning and the appearance of employees and project 
4 
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improvement of the quality system; product's quality improvement indicators; extent 
of the continuous improvement; efficiency of equipment management; extent of 
applying the safety, health, and environmental plans, and efficiency of site planning 
and the appearance of employees and project. Voting and scoring were carried out for 
these 10 measures. The results are shown in Table 4.7 and summarized in Table 4.8. 
They represent the consensus of opinion of the company's quality managers on the 
quality measures, together with the relative importance of each measure as a score and 
a percentage. The ten measures in order of priority with their relative importance are: 
degree of customer satisfaction (19.44%); quality of execution (19.05%); quality of 
supplies (18.06%); efficiency of the measuring, testing, and inspection devices 
(9.13%); products quality improvement indicators (8.73%); progress in the 
implementation and improvement of the quality system - IS09000 - (8.13%); 
efficiency of equipment work and management (6.94%); degree of quality continuous 
improvement (5.36%); level of applying the safety, health and environmental plans 
(2.78%); and efficiency of site planning and the project and employees appearance 
(2.38%). 
4.8 COMPARISON, ANALYSIS, AND OBTANING ONE SET OF MEASURES 
The comparisons between the two sets of quality measures quality and project 
managers are given in Table 4.9. For comparison reasons, the measures have 
increased by two 
_ 
measures. However, it is clear that the additional two measures are 
overlapping measures. A questionnaire, which contained Table 4.9 and the constituent 
elements of each measure, was designed and sent to the participants. They were asked 
to: a) isolate any measures that could be used as independent project performance 
measure; b) explain and give their remarks on the additional two measures given by 
the other group: and c) combine any measures together when applicable and proper. 
The responses of the participants were analyzed and the results showed that their 
modifications could be summarized in eight points. The modifications are given 
below, and are referred to in Table 4.9. The final adjustments are given in table 4.10. 
The modifications could be summarized as follow: 
a -The measure of " degree of customer satisfaction 
" should be taken away from the 
quality measures and be used as an independent project performance measure. 
b The measure of "degree of applying the health, safety and environmental 
regulations" should be taken away from the measures and be used as an independent 
project performance measure. 
c- The weights given to the above two measures should be distributed uniformly to 
the remaining of the quality measures. 
d- Include the measure "efficiency of the inspection and testing systems" ( item 11 ) 
in the measure "quality of supplies and incoming materials" ( item 2 ). 
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e- Include the measure "efficiency of the storing system" ( item 12) in the measure 
"quality of execution" ( item 3 ). 
f- Include the measure "products quality indicators" ( item 6) in the measure 
"quality of execution" ( item 3 ). 
g- Include the measure "efficiency of the equipment work and management" (item 8) 
in the measure "quality of execution" ( item 3 ). 
h- Include the measure "efficiency of the measuring, testing and inspection devices" 
( item 4) to the measure "implementation and improvement of the quality system" 
(item 5). 
These modifications were carried out and five quality measures were produced. The 
final quality measures with the adjusted relative importance given by each group are 
given in Table 4.11. The average relative importance for each measure are calculated 
and the final measures and their relative importance are given in Table 4.12, they are: 
quality of execution (43%), efficiency of the quality system (25%), quality of supplies 
and incoming materials (21%), continuous quality improvement (8%), and appearance 
of the project and the employees (3%). The results are represented graphically in Fig. 
4.2. Appendix (D) explains how each quality measure could be measured 
quantitatively. 
4.9 CONCLUSIONS 
1) The Nominal Group Technique was carried out, in the Arab Contractors Company, 
to define and determine the factors required to measure quality in construction 
projects. Twenty three selected managers participated in this study, 11 of whom are 
construction project managers and 12 are quality managers, all from The Arab 
Contractors Company, Osman A. Osman & Co. 
2) The project managers produced ten elements to measure quality on construction 
projects. These factors and their relative importance are: quality of execution 
(20.50%); quality of incoming materials (16.67%); efficiency of the inspection and 
testing systems (15.62%); degree of customer satisfaction (12.15%); efficiency of the 
storing systems for materials and equipment (7.29%); continuous improvement of 
quality (7.29%); safety and health regulations (6.94%); accuracy of measurement and 
testing devices (5.55%); quality of equipment work (5.21%); and appearance of the 
staff and project (2.78%). 
3) The quality managers also produced ten measures of quality. These measures in 
order of priority with their relative importance are: degree of customer satisfaction 
(19.44%); quality of execution (19.05%); quality of supplies (18.06%); efficiency of 
the measuring, testing, and inspection devices (9.13%); products quality improvement 
indicators (8.73%); progress in the implementation and improvement of the quality 
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assurance system - IS09000 - (8.13%); efficiency of equipment work and 
management (6.94%); degree of quality continuous improvement (5.36%); level of 
applying the safety , health and environmental plans (2.78%); and efficiency of site 
planning and the project and employees appearance (2.38%). 
4) The two produced sets of quality measures were compared and analyzed and then 
one set of final quality measures was produced. The final quality measures with the 
final relative importance are: quality of execution (43%), efficiency of the quality 
system (25%), quality of supplies and incoming materials (21%), continuous quality 
improvement (8%), and appearance of the project and the employees (3%). 
5) These results represent the views of the successful construction project managers 
and quality managers of the company. They do not necessarily represent all Egyptian 
construction project managers. However, in view of the size and market share of this 
company (about 50 %), the results should give a good guide to the attitude of Egyptian 
construction managers working in the contracting field towards appropriate quality 
measures. 
6) The results highlight the different perception of quality that may exist within an 
organization, the need to include the views of different parties if a new system is to be 
successful and the need to formalise a method for combining the views of the different 
parties. Appendix (D) gives details of the basis for each of the metrics explaining how 
they are calculated. Chapter 6 gives details of their implementation. 
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CHAPTER (5) 
DETERMINATION OF ORGANIZATIONAL PERFORMANCE 
MEASURES 
FOR 
CONTRACTING COMPANIES 
C, "Vn auA4T 5MAMCW 
1.0 TQM-BASED PERFORMANCE MEASUREMENT 
At a basic level, performance measurement in a quality context has to be equated with 
improvement. It provides organizations with an opportunity to strengthen the business 
delivery process in quality, cost and delivery. In order to succeed with quality, 
organizations have to build a continually improving: quality assurance system to meet 
customer requirements: cost management system to provide the product with a 
favorable price to the customer and, at the same time, secure reasonable profits; and 
delivery system to deliver products on time. Quality and cost cutting are incompatible 
and very often quality is the one that suffers when managers opt for cost savings. Cost 
management is different from cost cutting since the former starts with quality first, e. g. 
shortening lead-time, inventory reduction. Cost cutting on the other hand does not 
focus on quality, e. g. selecting suppliers on the basis of cheap quotation. These points 
help to reinforce the views that TQ-based performance measurement is primarily a tool 
for carrying out continuous improvement with: quality as the ultimate objective; a 
focus on the process; people productivity; and the injection of new learning and 
reliance on best practice (benchmarking). Performance measurement in a modem 
business environment is not, therefore, about tracking down internal costs but about 
the improvement seen by the next customer. Essentially performance measurement in 
the context of TQM is about recording human activity and providing a stimulus for 
action with the view of doing better all the time. Performance measurement should be 
geared towards embracing change that will enable organizations reach competitive 
supremacy. 
2.0 PERFORMANCE DIMENSIONS 
The performance of any construction organization is a function of the performance of 
the members of that organization. High performance by individual members of the 
organization will result in high performance by the organization. Organizational 
performance, as individual performance, is multidimensional. Many people operate 
with an extremely limited view of performance and consider the productivity of the 
firm's work force and the profitability of the firm as the only criteria of performance 
(Maloney 1990). An examination of productivity provides a very narrow perspective 
on performance in a construction organization, while focusing on profitability does not 
ensure long-term survival of the firm. Profitability and productivity are necessary, but 
not sufficient conditions for survival. It is possible for a profitable firm in the short run 
to go out of business for a variety of reasons. A productive firm is not always a 
profitable firm. It is necessary, however, to develop an understanding of the 
multidimensional nature of performance. 
Several authors (such as Sink 1985, and Maloney 1990) have stated that organization 
performance consists of seven dimensions: effectiveness, efficiency, quality, 
productivity, quality of work life, innovation, and profitability. Each of these 
dimensions must be of interest to the construction organization. However, Osman and 
Abdel-Razek (1996 & 1996b) stated that other dimensions should be added in order to 
C: vackVAAro5MAN%CW 108 
measure a contracting company's performance. These are: utilization of the company 
resources; liquidity; and growth. The ten dimensions are illustrated in FIGS. I and 
explained briefly below. 
(1) Effectiveness 
Effectiveness encompasses the attainment of the organization's objectives. Every 
construction organization functions at two levels. The first is the corporate or head- 
office level and the second is the project or site level. At the corporate level the 
organization must accomplish specific tasks and attain specific objectives to survive. 
For example, the business development function is charged with generating new 
business opportunities for the firm. This entails identifying potential leads or 
prospects, calling on them, and securing the opportunity. to bid or negotiate for work. 
The firm may establish an objective that x new bidding opportunities is developed per 
month. The effectiveness of this activity is the degree to which the objectives are met. 
FIG. 5.2 illustrates this concept. Similar objectives can be established at the corporate 
level for such activities as the number of bids prepared, the number of personnel hired, 
and the amount of working capital obtained. Objectives at the project level are much 
easier to establish because of the finite nature of the project. What is to be built is 
known, as are the schedule budget. These all become objectives. A four-story 
commercial office building containing 100.000 sq. meters of floor space is to be 
constructed within nine months at a cost of LE 2.000.000 objectives may be set for 
other types of performance as well. For example, an objective may be established to 
have no accidents on the job or to keep absenteeism less than 3%. The degree to which 
these objectives are met indicates the degree of effectiveness. 
(2 ) Efficiency 
Efficiency, which involves the utilization of resources, may be represented by the ratio 
of the resources expected to be consumed divided by the resources actually consumed. 
Labor productivity is a measure of efficiency. However, because of the labor-intensive 
nature of construction, it could be treated as a separate dimension. Assuming that the 
quantities required to be installed did not change, the use of 10.000 meters of conduit 
to attain requirement of 7.500 installed meters is extremely inefficient. Similarly, the 
expenditure of LE 10.000 for small tools on a project when the budget was LE 5.000 is 
also inefficient assuming there were no changes in the project or size of the work 
force. Another example of a measure of inefficiency, which would be of interest to an 
earth-moving contractor, would be the number of liters of fuel consumed per cubic 
meter of earth moved. FIG. 5.3 illustrates the difference between efficiency and 
effectiveness. 
(3) Quality 
Quality involves doing things the right way the first time. The work performed must 
conform to the specifications established for the project. If the specifications call for 
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the use of particular of paint and another type is used, quality was not attained because 
of the lack of conformance with the specifications. Similarly, if the specifications 
called for soil to be compacted to a density of 110 Kg/ m3 but it was only compacted 
to a density of 100 Kg/ m3 quality was not attained. The overriding question becomes 
whether the completed work possesses the attributes desired by the owner and 
designer. Abdel-Razek ( 1998b) confirmed the that poor quality performance results 
in increased rework, which has significant cost and schedule implication . 
(4) Productivity 
As stated previously, productivity is treated as a separate dimension of performance 
because of the labor-intensive nature of the construction process. The process involves 
workers expending effort using tools and equipment to transform materials into 
finished products. Productivity can be defined in a variety of ways depending upon the 
work being performed. It is typically defined as output/input, with output expressed in 
terms of physical units and input as man-hours required to produce the output. Labor 
productivity, therefore, is defined as the number of man-hours expended in a period 
divided by the number of units produced during that period, i. e., man hours / unit. The 
smaller this number the better the productivity. Thus, 0.75 hr /sq. meter of formwork 
construction is better then 1.00 hr / sq meter. Project estimates are based upon 
anticipated productivity rates. Considerable management efforts are expended to 
ensure that actual rates are close to that used to develop the estimate. The term "labor 
factor" is often used to denote the actual productivity rate. A value less than one 
indicates productivity is better than expected, while a value greater than one reveals 
productivity is worse than expected. Actual productivity has a significant influence on 
the ability of the to complete the Project within the estimated time and budget. 
(5) Quality of work life 
Quality of work life is concerned with the response of organization members to the 
saucy technical aspects of the work and the organization. Quality of work life includes, 
among other issues, the autonomy people are granted in the performance of their work, 
the participation they are allowed in making decisions that affect them, and the social 
interaction allowed by the job. A positive quality of work life leads to positive 
organization outcomes, e. g., reduced absenteeism and turnover, greater job 
satisfaction, etc. The quality of work life is a major determinant of an organization 
ability to recruit, motivate, and retain skilled workers. As the construction industry 
moves into a personnel-shortage period, the quality of work life will play a major role 
in a firm's success in developing and retaining a skilled workforce and, consequently, 
its ability to compete for work. 
(6) Innovation 
Innovation is the use of creativity by members of the organization. The identification 
and utilization of new and better materials, methods, procedures, etc., has positive 
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benefits for the organization. Innovation allows a firm to remain competitive. The 
inability to innovate results in organizational stagnation and, eventually, declines. 
Value engineering is an area that depends heavily upon innovation. Modularization is 
process that has led to innovation in industrial construction. 
(7) Profitability 
Long-term survival of any construction organization depends upon the revenues 
generated by the firm exceeding the cost of producing the revenues. If the firm is not 
profitable, it will eventually consume the owner's investment in the organization and 
cease to exist. Profitability may be expressed in a variety of ways from the simple 
profit margin return net worth to a variety of financial ratios. 
( 8) Resource Utilization 
The ineffective use of human and equipment time is probably the most common 
shortcoming of construction work (Parker and Oglesby 1972). Poor utilization of 
resources is, therefore, The principal cause of the drawback of construction work. 
Utilization could be defined as " the efficient allocation of resources ". The level of 
utilization is the degree of efficiency in allocating the available resources under given 
conditions. The utilization of resources is not only concerned with the amount of 
worked time in relation to the total available working time, but more importantly with 
how this worked time is consumed and distributed. Utilization pertains to two 
variables: the amount of actual worked time in relation total available working time; 
and how the total available working time is employed and distributed (Abdel-Razek 
1991a &1991b). In order to combine the tow variables, labor or equipment time must 
be categorized in an acceptable manner and the constituent of each category should be 
properly broken down and recorded, than the results would give a good utilization 
indicator and measurement. Once accepted base of past records has been developed, 
current observation could be relied upon to give a fairly accurate picture of utilization 
level. 
The construction process involves workers expending effort using tools and equipment 
to transform materials into finished products. The inter-relationship between workers, 
equipment and material utilization is, therefore, apparent. The analysis of utilization is 
illustrated in FIG. 5.4 and it shows that high utilization is achieved by the efficient 
allocation of resources. Improvements in the utilization of resources is obtained 
through management, which implies that the achievement of high utilization depends 
not on how well the worker does his work, but on how well the management's 
function have been set and accomplished. 
3.0 Inter-Relationships and Relative Importance of the Performance Dimensions 
It is clear from the explanation of the ten performance dimensions that some of the 
dimensions affect the other, and several relationships could be developed. For 
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example, the three dimensions efficiency, utilization, and productivity have a strong 
inter-relationship. This could be illustrated as shown in FIG. 5.5. The inter- 
relationship among all the ten-performance dimension are given in FIG. 5.6, which 
also illustrates how the total organizational performance improvement could be 
achieved. FIG. 5.7 shows the relationship between the organizational performance 
level, the performance dimensions, and the management level that are responsible for 
each of the dimension. It also illustrates the relation between the organizational 
performance and the local and global environment. 
Each of ten dimensions of performance is important to construction organizations. 
However, the relative importance of each dimension will differ within and between 
organizations at any point in time and over time. A firm performing a project that has 
an extremely tight schedule with heavy liquidated damages for failure to complete the 
project by certain date will probably assign effectiveness a relatively high importance. 
Getting the project done on time will have the highest priority. Similarly, another firm 
performing work on a nuclear facility may assign quality the highest priority. Quality 
may also be given a higher priority on a project being constructed using a reimbursable 
price contract as opposed to a fixed price contract. 
4.0 Proposed Contracting Companies' Performance Measures 
Contractors are in business for a variety of purposes, the primary one being to make 
money. To accomplish, the objective of every construction manager (defined broadly 
to include anyone who manages the construction process at any level) must manage 
the process in way that results in desired level of performance. Historically, 
performance has been evaluated in terms of cost, schedule, and quality. Poor 
performance on one or more of these dimensions creates significant problems for the 
contracting company. Poor performance may result in the failure to meet the 
contractual completion data and the requirement to pay late completion penalties or 
liquidated damages. Finally, poor quality performance results in increased rework to 
remedy the lack of quality. Rework also directly influences cost and schedule 
performance. However, it is important that performance of any contracting company 
be evaluated in terms of the ten performance dimensions presented. The specific 
organization will determine the relative 
importance of the dimensions. It is to 
understand that neglecting any of the 
dimensions for a significant period of time will 
have negative consequences for the organization. For example, emphasizing on time 
performance while ignoring the quality of work 
life may result in increased turnover 
and difficulty in hiring necessary personnel. 
An emphasis on profitability while 
neglecting quality may result in short-term profits, 
but imperil long-term survival as 
poor quality is manifested in significant warranty problems. 
Thus, it is important to 
understand the dimensions of performance and 
how their relative importance changes 
over time. 
The ten performance dimensions explained and analyzed above, cover all aspects of 
any contracting organization performance. However, in order to develop performance 
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measures that suit a specific contracting company and be convenient for benchmarking 
implementation, several criteria should be taken in consideration. Several 
brainstorming sessions were carried out in a contracting company, the Arab 
Contractors, to determine these criteria and then determine the measures. The top 
management of the company was represented in these sessions by the board of 
directors and the sessions were led by the chairman of the company. They concluded 
that the proposed measures should fulfill the following criteria: 
- Cover and reflect the ten performance dimensions; 
- Relevant and compatible with the current contracting business environment; 
- Reflect the company's strategies; 
- Must be quantifiable; 
- Must be practical; 
- The required data for the measures should be easily understood; and 
- The data collection and calculations should be reasonably simple. 
These criteria were taken into consideration and after final consideration, eight 
measures were produced, together with the relative importance of each measure. These 
reflect the current company's strategies. The eight measures and their relative 
importance which were finalized upon were: 
" Profitability (25%) 
" Value of work done (15%) 
" Continuity (15%) 
" Liquidity: percentage of bank overdraft (15%) 
" Liquidity: efficiency of accounts receivable collection (10%) 
" Utilization of company resources (10%) 
" Rate of growth (5%) 
" Quality (5%) 
The use of these measures in monitoring the performance of the company is shown in 
the next chapters together with examples of data from different branches in Appendix 
E, F, and G. These measures evolved over the implementation period. Table 6.2 page 
124 shows these modifications. 
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CHAPTER (6) 
IMPLEMENTATION, ANALYSIS, 
AND REVIEW OF RESULTS 
6.1 INTRODUCTION 
This chapter describes the implementation of the system and how the 
performance measures are used to analyse and benchmark the performance of 
the projects and the branches and hence the overall company. The theoretical 
basis and data used to calculate each performance measure is explained. An 
example calculation for a single project is provided. The procedures for 
scoring, the calculation of the performance based upon the maximum and 
minimum performance achieved across all the branches is shown. This score is 
shown calculated in detail for one branch, Helwan. A detailed analysis of the 
measures at company level is then shown over a five year period. The impact 
of inflation is shown. Discussion is provided to show both the actions taken 
and the improved performance. Additional feedback is provided by 
highlighting the critical benchmarking areas established and the additional 
benefits gained from using the method. 
6.2 IMPLEMENTATION PROCESS 
6.2.1 The Company and the Participating Branches and Departments 
Internal benchmarking was implemented in a contracting company in Egypt, 
the Arab Contractors, Osman A. Osman & Co. The implementation was been 
carried out within the company by comparing the performance of similar 
branches and departments. Each branch or department was considered to be an 
independent contracting company. Sixteen branches and departments were 
included. These branches and departments were: Water & Sewage; Helwan; 
Assiout; Bridges & Specialized Construction; Cairo; Road Construction; 
Mechanical & Electrical Erections; Alexandria; Canals; Nasr City; Red Sea; 
East & Middle Delta; South Valley; Special Buildings & Construction; North 
Delta; Sinai. The performance measurement was based on eight measures and 
a weighting system that reflected the strategic views of senior management. 
The performance measurement was carried out quarterly on a cumulative basis, 
over a period of four years. The first set of results was obtained in March 1995, 
and the latest implementation results in March 1999. 
6.2.2 Implementation Strategy 
The implementation of the Benchmarking system within the Arab Contractors 
Company was planned as part of a systems strategy that included several 
different forms of technical reporting from the branches and departments of the 
company. The first results were obtained in 1995. To achieve this it was 
necessary to supplement the existing Department of Technical Information 
Systems with team of some 12 systems analysts and systems developers known 
as TOPMIC (Top Management Information Centre). Under the guidance of the 
writer supported by the other senior managers this team developed, tested and 
implemented the systems required to enable the efficient and effective 
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management reporting to take place. Development was on an iterative basis 
with continuous updating and changes to reflect both senior management 
requirements and feedback from the branches first chosen to contribute data. 
Implementation was commenced in conjunction with other changes in the 
management system including changes in the bonus system paid to managers at 
all levels. By linking the implementation of the system to these new payment 
structures it was possible to achieve the commitment of management 
throughout the company. This however required regular meetings at all levels 
to both to educate staff on the basis of the system and agree their input. 
Following initial discussions the system was piloted in chosen branches and 
then extended throughout the organisation. 
The system was from the outset considered dynamic with the continuous 
review of both the bases of the formulae used to calculate the key factors and 
the weightings of the factors. This ensured that sufficient data were available 
to produce reports on each of the factors involved together with suggested 
refinements. A Policy Committee was formed from senior managers 
throughout the company to collate suggestions, specify changes and rank the 
priority of the amendments required. Agreement for these enhancements was 
then finalised at quarterly meetings of senior management. This 
implementation strategy has proved successful and been continued throughout 
the life of the system. Resistance to change has been minimal. Data collection 
on a monthly basis from the companies and departments involved has been via 
'floppy disks' mailed to the Head Office. This has proven both simple to 
expedite and reliable. 
6.2.3 Performance Measures and Weights 
As mentioned in chapter 5, the performance measurement was first based on 
eight measures and a weighting system that reflected the strategic views of the 
company's top management. These measures and their weights, as shown in 
Table 6.1, were: profitability (25%), value of work done (15%), continuity 
(15%), liquidity: percentage 'Of bank overdraft (15%), liquidity: efficiency of 
invoice collection (10%), utilization of company resources: work done by 
company branches and departments (10%), rate of growth (5%), and quality 
(5%). 
However, during the implementation period of four years the measures and 
their relative importance were modified to reflect the changing market 
conditions, the company development and the top management's adjusted 
strategies. Table 6.2 shows the modifications that were carried out over the 
implementation period. The latest measures and their relative importance are: 
value of work done 7%, rate of energy consumption 3%, utilization of company 
resources: work done by company branches and departments 10%, rate of 
growth 5%, profitability 25%, continuity 15%, liquidity: efficiency of invoice 
collection 10% liquidity: percentage of overdraft 10%, and quality 15%. 
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A computer program was developed to carry out the evaluation processes for 
each performance measure. The basis of the evaluation for each measure is as 
follows: 
A- Measure one: Value of Work Done 
The value of work done is calculated from the start of the financial year (1 n 
July) and up to the measurement date. This value of work done is the value 
approved by the client or his representative. This is a standard measure of 
company performance. 
B- Measure two: Rate of Energy Consumption 
Rate of Energy Consumption = Value of work done (6.2) 
. 
Energy 
[ (2) x 1.33 + (3) +(4) + (5) + (6) + (7) )x1.2 
where: 
(1) = Value of work done 
(2) = Salaries and wages 
1.33 = Number of theoretical working hours 
Number of actual working hours 
(3) = Value of materials and goods 
(4) = Value of services (value of sub-contracted work + value of work 
done by company's departments and branches) 
(5) = Equipment depreciation 
(6) = Returns on invested equipment 
(7) = Value of annual insurance 
1.2= Percentage of the required profit on the company's invested capital 
In this context, "energy" represents the level of resources provided in financial 
terms. These resources represent both the physical resources (labor, material, 
etc. ) and the financial resources. 
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TABLE 6.1 The Performance Measures and their Relative Importance 
No Performance Measure Relative Importance 
(%) 
I Profitability 25 
2 Value of work done 15 
3 Continuity 15 
4 Liquidity: percentage of bank overdraft 15 
5 Liquidity: efficiency of invoice collection 10 
6 Utilization of company resources (work done by 
the company & departments) 10 
7 Rate of growth 5 
8 Quality 5 
I Total 100 
TABLE 6.2 Modifications of the Performance Measures and their Relative 
Importance During the Implementation Period 
No. Performance Measure Relative Importance 
From the 
start until 
30/6/96 
From 
1/7196 to 
30/6/97 
From 
1/7/97 to 
present 
1 Value of work done 15 10 7 
2 Rate of energy consumption - - 3 
3 Utilization of company resources: 
work done by company branches 
and departments 10 10 10 
4 Rate of growth 5 5 5 
5 Profitability 25 25 25 
6 Continuity 15 15 15 
7 Liquidity: efficiency of invoice 
collection - 10 10 10 
8 Liquidity: percentage of overdraft 15 10 10 
9 Quality 5 : 15 15 
Total. 100 100 100 
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C- Measure Three: Utilization of Company Resources 
Utilization of Company Resources = 
Value of work done by company branches / departments X 100 (6.3) 
Total value of work done 
Performance is a factor of the utilization of company resources measured in 
proportion to the total value of work undertaken by the company. 
D- Measure Four: Rate of Growth 
The rate of growth is expressed in terms of the percentage increase of value of 
work done. 
Rate of growth = 
Value of work done - Value of work done during the same period last year X 100 (6.4) 
Value of work done during the same period last year 
E- Measure Five: Profitability 
Profitability =Percentage of profit + Returns during the period (6.5) 
Total capital invested 
= (1)-(11) X 100 12 X 100 
(1) (13) 
where: 
(1) = Value of work done 
(11) = Value of expenditure 
(12) = Returns during the period 
(13) =Total capital invested = head office investments + funding 
structure surplus / shortage + retained 
surplus / shortage + returns during the 
period + interest calculated on the clients' 
accounts + depreciation provisions + other 
provisions 
Originally, the profitability was measured simply in terms of the percentage of 
profit. This was then extended to reflect the total capital invested in the 
branch/department and the returns achieved during the period under review. 
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F- Measure Six: Continuity 
Ability of the branch/department to acquire new work is included within the 
performance measures because the continuity viability of the 
branch/department is dependent on new contracts. 
Continuity = Backlog of work + New contracts (6.6) 
(Actual rate of work done per month + 
Theoretical rate of work to be done per month) /2 
Where: 
Backlog of work: is the value of the remaining work at the end of the 
measurement period; that is, the remaining value of work 
in the total value of remaining work on all contracts which 
is still outstanding at the end of the measurement period. 
New contracts: is . 
the value of the new contracts awarded to the branch during 
the measurement period, provided that work on these 
contracts has not started by the end of this period. 
Actual rate of work done per month: is the average value of actual work done 
per month during the measurement period. (For example, if 
the cumulative measurement period is 9 months and the value 
of work done during this period = L. E. 100 million, then the 
rate of monthly execution =. 100/9 = L. E. 11.1 
million/month). 
Theoretical rate of work to be done per month: is the average value of work to 
be done according to the branch / department energy. 
Energy: is as previously calculated in measure number 2 "Rate of Energy 
Consumption". 
Note: from 1998, any continuity larger than 24 months takes the full mark for 
this measure 
G Measure seven: Efficiency of invoice collection 
Each branch/department is responsible for its own credit collection i. e. ensuring 
not only that the work is completed 
but payment for outstanding work is 
achieved. This, is included within the performance measures as efficiency of 
invoice collection. 
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Efficiency of invoice collection = 
Value of total collected money during the period X 100 (6.7) 
Value of debts at the beginning of the period + 
Value of work done during the period 
H- Measure eight: Percentage of bank overdraft 
The level of Bank overdraft used to achieve the turnover required is a measure 
of performance efficiency. 
Percentage of bank overdraft = 
- Bank overdraft x 100 
Value of work done in the last twelve months 
Where: 
Bank overdraft: is the value of bank overdraft at the end of the current period 
of measurement. 
Value of work done in the last twelve months: is the cumulative value of work 
done at the beginning of the current measurement period plus 
the value of work done during a previous period, so as the 
sum of periods is 12 months. For example, if the cumulative 
period of measurement =9 months and the cumulative value 
of work done during this 9 months is L. E. 100 million, and 
the value of work done in the 3 months prior to the 9 months 
is L. E. 20 million then, the value of work done in the last 
twelve months is L. E. 120 million. 
J- Measure nine: Quality 
Six elements were used to measure quality. In this context, "quality" represents 
not only quality of product and service but also quality of management 
performance. Of the six elements listed below, (i)-(v) are management items. 
Element (vi) includes three categories: adherence to the company's quality 
procedures, quality of execution of the works and the overall quality of 
appearance of the workers. Each element is listed below: 
i- Rate of improving profitability (2 points ): 
Rate of improving profitability = 
Percentage of surplus / shortage + Percentage of surplus /shortage during the 
same period of the previous year 
2 (6.9.1) 
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ii - Value of penalties for time delay (3 points ): 
Value of penalties for time delay = Value of penalties (6.9.2) 
Value of work done 
iii - Percentage of delivering completed work to the client (2 points ): 
Percentage of delivering completed work to the client 
Number of finished projects but not delivered (6.9.3) 
, 
Total number of finished projects 
iv - Percentage of the value of cost plus items that have been negotiated and 
approved by clients (2 points ): 
Percentage of the value of cost plus items that have been negotiated and 
approved by clients = 
Value of approved items . (6.9.4) Value of work needed to be negotiated and approved 
v- Accuracy and timing of the estimated performance measurement data 
(2points): 
vi - Efficiency of the quality systems (4 points): 
Efficiency of the quality systems = Quality system 45% + 
Quality of execution 45% + 
Overall appearance 10% 
6.2.4 The Data Required for the Evaluation Process 
Table 6.3 shows the data required to calculate all the performance measures. It 
also shows the actual data collected from one branch, Helwan Branch, for the 
measurement period of March 1999, that is, from 1/7/1998 to 31/3/1999. It also 
shows the party responsible for the collection of data for each element. The 
measurement of each of the nine performance measures could then be 
calculated using the equations given previously. The following is an example 
of the calculations for Helwan Branch, based on the data given in Table 6.3 and 
the item numbers shown in the same table. 
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Measure one: Value of work done 
Value of work done = (1) 
= L. E. 302,175 million 
Measure two: Rate of energy consumption 
Rate of energy consumption = (1) / (8)-- 
= 302.175 / 327.520 
= 92.262% 
Measure three: Work done by other branches 
Work done by other branches = (9) / (1) 
41.49 /302.175 
= 13.73% 
Measure four: Rate of growth 
Rate of growth (10)) / (10) 
_ (302.175 - 272.879) / 272.879 
= 10.736 % 
Measure five: Profitability 
Profitability=((1)-(11)(1))+((12)(13)) 
= (302.175 - 265.465) / 302.175 + 16.013 / 
(3.127 + 88.588 + 3.371 + 16.013 + 4.062 + 38.282 + 1.268) 
= 12.149% + 11.45% 
Measure six: Continuity 
Continuity = 1064,732/ 31.878+34.6)12 
"= 32 months . 
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TABLE 6.3 The Data Required for the Performance Measurement Process: 
Helwan Branch - from 01/07/1998 to 31/03/1999 
NO. ITEMS 
VALUE 
(L. E. MILLIONS) 
AUTHORIZED PARTIES 
1 Value of work done . 302.175 Budgets Department 
2 Salaries . 29.043 Budgets Department 
3 Goods needs. 65.510 Budgets Department 
4 Services needs . 189.199 Budgets Department 
5 Machines depreciation . 3.861 Budgets Department 
6 Returns on invested machines . 6.543 Top Management Information Centre 
7 Value of annual insurance. 0.654 Top Management Information Centre 
8 Value of energy - 327.520 Top Management information Centre 
9 Value of work done by other departments . 41.490 Budgets Department 
10 Value of work done for the same period 
during last year . 
272.879 Budgets Department 
11 Value of expenses . 265.465 Budgets Department 
12 Returns during the period . 16.013 Budgets Department 
13 Total invested money. 139.845 Budgets Department 
14 Backlog work. 1046.732 Budgets Department 
15 Collections during the period . 254.266 Collection Department 
16 Beginning debts . 
97.363 Budgets Department 
17 Work done for clients . 286.904 Budgets Department 
18 Overdraft including branches' debts -76.204 Banks Department 
19 Value of work for the period of one year . 399.041 Budgets Department 
20 profitability percentage for the same period 
of the last year . 
8.38% Top Management Information Centre 
21 Value of delaying penalties & savings . 8.103 Collection Department 
22 No. of finished projects but not delivered . 2 Branches & Departments 
23 No. of finished projects . 
14 Branches & Departments 
24 Value of pricing committees. 227.400 Branches & Departments 
25 
, 
Value of pricing committees needed to be 
approved . 
384.760 Branches & Departments 
26 Accuracy and timing of data sent 
to Information System Department . 
89% Top Management Information Centre 
27 Overall shape - 
8% Quality Department 
28 Quality of systems. 36.51% Quality Department 
29 Qualit of execution . 
36.28% Quality Department 
30 Branches' depts . 
Budgets Department 
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Measure seven: Efficiency of invoice collection 
Efficiency of invoice collection = (15) / ((16) +(1)) 
= 254.261 / (286.904 + 97.363) 
= 66.169% 
Measure eight: Percentage of overdraft 
Percentage of overdraft = (18) / (19) 
= 76.204 / 399.041 
_ -19.097 
Measure nine: Quality: 
i- Rate of improving profitability = ((((1) - (11)) / (1)) + (20)) /2 
= (12.149% + 8.38%) /2 
= 10.265% 
ii - Value of penalties for time delay = (21) / (1) 
= 8.103 / 302.175 
= 2.682% 
iii - Percentage of delivering completed work to the client = (22) / (23) 
=2/14 
= 14.286% 
iv - Percentage of the value of cost plus items that have been negotiated and 
approved by clients = (24) / (25) 
= 227.4 / 384.76 
= 59.102% 
v- Accuracy and timing of the estimated performance measurement data = (26) 
= 89% 
vi - Efficiency of the quality systems = (27) + (28) + (29) 
=8+36.51+36.28 
= 80.79% 
6.2.5 The Procedures of Scoring 
The procedures of allocating the score for each branch/department for every 
performance measure could be summarized in the following steps: 
Let (x) = the relative importance (weight) given to a specific performance 
measure. 
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Then, the highest score (xm ) for this measure will equal to the full weight 
assigned to this measure. 
where: 
Xmax =X 
x= the full weight given to a performance measure 
xm = the highest score, and is given to the branch/department that 
achieved the highest/best result for the same performance 
measure. 
Let xm; n = the lowest score 
The lowest score is the score that will be given to the branch/department that 
obtained the lowest/worst result for the same performance measure. 
Then, 
Xmin -X 
number of branches / department 
the difference between the highest and lowest scores = Xmax - Xmin (1) 
Let ym the highest actual achieved result for the measure 
and let ymin the lowest actual result obtained for the measure 
Then the difference between the highest and lowest actual result for the 
measure 
Ymax - Ymin (2) 
Benchmarking Factor = xmaX - Xmin 
Ymax - Ymin 
then, the score for any branch (n) for the same performance measure 
= xmax -{ (ym - yn )X Benchmarking Factor } (6.10) 
. Where: y = the actual result achieved, for the same measure, by branch (n). 
Example: Score Allocation for Helwan branch 
Table 6.4 shows how the scores for one of the company's branches, Helwan 
branch, was derived for each of the nine performance measures. This covers its 
performance from July 1998 to March 1999. 
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The following are the detailed calculations to obtain the score of Helwan 
branch for the measure: value of work done. 
Value of work done in this period = L. E. million 302.175 
Highest score = the weight given for this measure =7 marks 
Lowest score for the measure =7=0.43 8 
16 
Difference between highest and lowest scores =7-0.438 = 6.562 
Highest actual result among all the sixteen branches/departments 
= L. E. million 400.572 
(this is from Table 6.6 and achieved by the Bridge Department) 
Lowest actual result among all the sixteen branches/department 
= L. E. million 33.107 
( this is from Table 6.6 and is obtained by the Red Sea Branch) . 
Difference between highest and lowest actual results: 
= 400.572 - 33.107 = L. E. million 367.465 
Benchmarking Factor = 6.562 = 0.01786 
367.465 
From equation (6.10) 
Score for Helwan branch for the measure: value of work done 
=7- ((400.572-302.175)0.01786) 
=7 -1.757 
= 5.243 
The overall performance of Helwan branch could then be obtained by adding 
up its scores on all the nine measures, and this is given in Table 6.4 as 83.44%. 
6.3 IMPLEMENTATION RESULTS 
The implementation of the developed performance measurement system started 
in March 1995 and the measurement process has continued since that date. The 
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latest measurement report was in March 1999. In the first two years of 
implementation the performance measurement was carried out for twelve 
company branches and departments. The eight performance measures outlined 
in chapter 5 were measured for each participating branch / department. These 
eight performance measures and their relative importance were: profitability 
(25%); value of work done (15%); continuity (15%); liquidity: percentage of 
bank overdraft (15%); liquidity: efficiency of invoices collection (10%); 
utilization of company's resources (10%); rate of growth (5%); and quality 
(5%)., The overall performance was also calculated for each branch 
department, and a rank was concluded to show the final rank for each branch 
department. Table 6.5 shows the results of the first report of March 1995, 
which includes the score, weight, ' and rank obtained for each measure for each 
branch / department. It also shows the overall performance score and final rank 
for each branch / department. For example, it is shown in Table 6: 5 that 
Assiout branch was the first out of the twelve branches and obtained an overall 
performance score of 76.66 %. The same Table 6.5 shows the overall 
performance score and rank for each branch/department. These were: Water & 
Sewage 72.09% (second); Helwan 66.25% (third); Cairo 65.41% (fourth); 
Alexandria 60.83% (fifth); Special Buldings & Construction 57.09% (sixth); 
Bridges & Specialized Construction 56.66% (seventh); Nasr City 50.00% 
(eighth); Canal & Sinai 46.67% (ninth); Road Construction 44.58% (tenth); 
South Valley 42.92% (eleventh); and Delta 40.42% (twelfth). The performance 
evaluation of Assiout branch on each of the performance measures was as 
follows: value of work done 12.5%; its rank was the third on this measure; 
work done by other company branches / departments 10% (first); rate of 
growth 4.58% (second); profitability 20.83% (third); continuity 3.75% (tenth); 
efficiency of invoice collection 7.5% (fourth); percentage of overdraft 12.5% 
(third); and quality 5% (first). It is also given in Table 6.5 that the Delta branch 
was ranked the twelfth (the last) with an overall performance score of 40.42%. 
The evaluation of each performance measure for the Delta branch were: value 
of work done 10.0%; its rank was the fifth on this measure; work done by other 
company branches / departments 4.17% (eighth); rate. of growth 1.67% (ninth); 
profitability 6.25% (tenth); continuity 11.25% (fourth); efficiency of invoice 
collection 0.83% (twelfth); percentage of overdraft 1.25% (twelfth); and 
quality 5% (first). Figure 6.1 illustrates the overall performance of all branches 
/ departments graphically. 
The latest implementation results cover the cumulative period from July 1998 
to March 1999. The results. are given in Table 6.6 and illustrated graphically in 
Figure 6.2. It is seen from Table 6.6 that the number of branches that were 
measured increased from twelve to sixteen. During the implementation period 
two branches were each split into two. The Delta branch was split to form the 
East & Middle Delta branch and North Delta branch; and the Canal and Sinai 
branch was divided into Canal and Sinai branches. A new branch was also 
established during the implementation period of the performance measurement 
system, the Red Sea branch. Another department, the Mechanical and Electric 
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Erection Department also joined the measurement system during the 
implementation period. It is also shown in Table 6.6 that the performance 
measures were increased by one measure compared to the original eight 
measures. The new measure was the rate of energy consumption, which 
reflected the balance between the value of work done for the branch and the 
branch's available resources, i. e. equipment, material, manpower, etc. Figure 
6.2 gives the overall performance and rank of each of the sixteen branches as 
follows: Heiwan 83.43% (first); Bridges 79.70% (second);. Cairo 71.77 (third); 
Assiout 70.49% (fourth); Water & Sewage 68.56% (fifth); Mechanical & 
Electrical Erection 68.12% (sixth); Red Sea 67.89% (seventh); Nasr City 
63.31% (eighth); Roads 62.99% (ninth); Canal 59.85% (tenth); Alexandria 
59.58% (eleventh); Construction & Specialized Buildings 57.44% (twelfth); 
East & Middle Delta 56.40% (thirteenth); North Delta 47.44% (fourteenth); 
South Valley 43.21% (fifteenth); and Sinai 32.82% (sixteenth). - 
Table 6.6 gives the details of the performance measures. It shows the score, 
weight and rank of each branch for each measure, in addition to the overall 
performance and the final rank of each branch. For example, Helwan branch 
was ranked the first out of the sixteen branches and achieved an overall 
performance score of 83.43%. Its evaluation on each of the nine performance 
measures were as follows: value of work done 5.24% (fifth); rate of energy 
consumption 2.3% (seventh); work done by other branches 10% (first); rate of 
growth 1.84% (tenth); profitability 20.70% (ninth); continuity 32 months 
(fourth); efficiency of invoices collections 9.75% (second); percentage of 
overdraft 6.96% (second); and quality 11.64% (third). The same Figure 6.2 
shows that the performance of Sinai branch, during the cumulative period from 
July 98 to March 99, ranked last. Its overall performance was 32.82%. The 
breakdown of Sinai performance is given in Table 6.6. Its evaluations on each 
of the nine performance measures were: value of work done 2.24% (ninth); rate 
of energy consumption 0.19% (sixteenth); work done by other branches 2.59% 
(fifteenth); rate of growth 1.79% (eleventh); profitability 1.56% (sixteenth); 
continuity 26 months (tenth); efficiency of invoice collection 4.83% (twelfth); 
percentage of overdraft 2.8% (thirteenth); and quality 8.81% (eleventh). 
The performance measurement results, from the start of the implementation in 
March 1995 and up to the latest report in March 1999, are presented in 17 
tables and 17 figures and are given in Appendix (E). 
6.4 ANALYSIS AND REVIEW OF RESULTS 
The effects of the implementation of the performance measurement system 
using benchmarking were reviewed by investigating its effects on the branches' 
results and on the company's overall performance results, over a period of five 
years, from 1993/94 to 1997/98. Seven performance measures were used to 
evaluate these effects: value of work done; cumulative rate of growth; 
C: wam(....., CH. 140 
profitability; continuity; efficiency of invoice collection; bank overdraft; and 
utilization of company resources (value of work done by company 
departments. 
Three branches were selected to investigate these effects in addition to the 
company performance as a whole. The three selected branches were: Helwan 
branch, Water & Sewage Department; and Canal & Sinai branch. The analysis 
and review of the results of Helwan branch are given below, whereas, the 
results of the Water & Sewage Department are given in Appendix (F) and for 
the Canal & Sinai branch in Appendix (G). 
6.4.1 Analysis and Review of Results of One Branch: Helwan 
The performance improvement of Helwan branch was reviewed by analyzing 
its performance on seven performance measures: value of work done; 
cumulative rate of growth; profitability; continuity; efficiency of invoice 
collection; bank overdraft; and utilization of company resources (value of work 
done by company departments. Figure 6.3 shows the value of work done by 
Helwan branch over a period of five financial years, from 1993/1994 to 
1997/1998. The values (in Egyptian pounds) of work done over this period 
were: 156.65,238.34,260.05,353.44 and 369.37 million respectively. An 
increase of 136% in five years. Figure 6.4 gives the cumulative rate of growth 
based on the financial year 1993/1994. It is shown that the branch achieved a 
rate of growth of 135.79% in the five years 1993/94 - 1997/98 (not adjusted to 
inflation). Figure 6.5 gives the branch's profitability achieved in the same five 
years as: 6.66%; 5.30%; 8.47%; 10.48%; and 6.92%. Figure 6.6 gives the 
branch's continuity in this five year period as: 13; 12; 16; 34; and 31 months 
respectively. This is an increase of 138% in five years. Figures 6.7 and 6.8 
show the improvement of the branch's liquidity. It is shown in Figure 6.8 that 
the overdraft was reduced from 24.48% in 1993/1994 to 0.56% in 1997/1998. 
The result of the last performance measure, the utilization of company 
resources represented by the work done by the company's own specialized 
departments, is given in Figure 6.9. It is shown that this was 10.80% in 
1994/1995 increased to 18.40% in 1995/1996, and stabilized at 14.66% and 
15.70% in 1996/1997 and 1997/1998 respectively. 
The overall performance of Helwan branch in the first benchmarking report of 
March 1995, shown in Table 6.5 and Figure 6.1 was 66.25% and Helwan was 
ranked third out of twelve similar branches and departments. In the last 
benchmarking report of March 1999, shown in Table 6.6 and Figure 6.2, its 
overall performance was 83.43% and it was ranked first out of sixteen branches 
and departments. This performance is shown graphically in Figure (6.2 ). 14 
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6.4.2 Analysis and Review of the Company's Performance 
The same seven performance measures were used to analyze, investigate and 
review the effects of the implementation of the performance measurement 
system using benchmarking on the company's overall performance. 
a. Value of Work Done 
Figure 6.10 gives the value of work done by the company in Egypt from the 
financial years 1993/1994 to 1998/1999. It is shown that the work done 
increased by 8% from L. E. 2590.433 million in 1994/1995 to L. E. 2820.559 
million in 1995/1996. It further increased by 25% to L. E. 3524.187 million in 
1996/97 and increased again Jo L. E. 4042.032 million in 1997/1998; this was 
an increase of 15%. In the financial year 1998/99 the value of work done by 
the company in Egypt was L. E. 5.03 billion which represents an increase of 
24.44% over the previous year. The total increase in company's work done in 
Egypt in the years 1993/94 - 1998/99 was L. E. 2856.33 million; this is an 
increase of 131.41%. These data may be considered with or without underlying 
inflation. 
Table 6.7 gives the rates of inflation of the Egyptian economy for the years 
1993 to 1999, it also gives the value of work done adjusted for inflation from 
1993/1994 to 1998/ 1999. These values are presented graphically in Fig. 6.10a, 
which shows that the total increase in company's work done in Egypt, adjusted 
for inflation, in the years 1993/1994 - 1998/1999 was LE. 1367.40 million. 
This is an increase of, 62.91 %. 
Figure 6.11 gives the value' of work done by the company, over the same 
period, but for work done in Egypt and abroad. The annual values of total work 
done by the company in the years 1993/94 - 1998/99 were: 2320,3100,3300, 
4000,4600 and 5600 million respectively. This was an increase of 141.38%. 
Figure 6.11 a gives the value of work done by the company, over the same 
period, but for work done in Egypt and abroad and adjusted for inflation. The 
total increase, adjusted for inflation, in company's work done in Egypt and 
abroad in the years 1993/1994 - 1998/1999 was LE. 1622.40 million. This is 
an increase of 69.93 %. 
b. Growth 
Figure 6.12 gives the company's cumulative rate of growth for work done in 
Egypt (not adjusted for inflation). It shows that the company's rates of growth 
were 19.2%, 29.8%, 62.13%, 85.95% and 131.38% in the years 1994/1995, 
1995/1996,1996/1997,1997/1998 and 1998/1999 respectively. 
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The company's cumulative rate of growth for work done in Egypt and in Egypt 
and abroad, adjusted for inflation, are given in Table 6.7 and presented in 
Figures 6.12a and 6.12b respectively. Figure 6.12a shows that the company's 
rate of growth in Egypt, over the same period, but adjusted for inflation were ; 
7.97 %; 8.09 %; 25.00%; 36.30 % and 62.91% respectively. 
Figure 6.12b shows that the company's rate of growth for work done in Egypt 
and abroad in the years - 1993/1994 - 1998/1999, adjusted for inflation were: 
21.06%; 18.49%; 32.93%; 45.34% and 69.93% respectively. 
c. Profitability 
Figure 6.13 shows the, increase of the company's profitability over the same 
period. In the financial year 1993/1994, before the benchmarking 
implementation, the company lost 2.20%. In the following financial year 
1994/1995 the company started to recover and achieved profits of 1.06% and 
2.80% in the years 1994/1995 and 1995/1996 respectively. In the two years, 
1996/97 and 1997/98, the company achieved higher levels of profits of 6.57% 
and 8.60% respectively. In the financial year 1998/99 a 11.10% profit was 
achieved. The company's profitability increased in the five years 1994/95 - 
1998/99, the period of benchmarking implementation, from 1.60% to 11.10%, 
an increase of 593.75%. 
d. Continuity 
The company's continuity, that is the available work for the company per 
month, is shown in Figure 6.14. It is seen from Figure 6.14 that although the 
continuity was 30 months in the year 1995/1996, the company kept a constant 
level of 26 months during most of the period of implementation. 
L-%ftm Iof--CH6 
1/fq a. 
e. Liquidity 
The review of the development of the company's liquidity was analyzed using 
two measures. The first was the company's efficiency in invoice collection, and 
the second was the company's overdraft. Figure 6.15 shows the efficiency of 
invoice collection over the period 1993/94 to 1998/99 as: 50.70%, 51.20%, 
57.40%, 54.80%, 57.50% and 54.30%. Figure 6.16 gives the percentage of the 
company's overdraft in relation to the company's value of work done. The 
overdrafts over the period from 1993/1994 to 1998/1999 were: 53.10%; 
50.40%; 43.30%; 23.20%; 10.90% and 45.19% respectively. The improvement 
since the implementation of benchmarking in 1994/1995 to 1998/1999 was an 
extraordinary decrease of 10.34%. 
f. Utilization of Company Resources 
The evaluation of the company's utilization of its resources was measured by 
calculating the value of work done by the company's own specialized 
departments in relation to the value of total work done. Figure 6.17 shows these 
ratios during the period of measurement. It started with 6.92% in 1994/1995, 
improved to 7.77% and 7.97% in 1995/1996 and 1996/1997 respectively, and 
slightly slowed down to 7.64% in 1997/1998 and in 1998/99 was 6.14%. 
The improvement of the company's profitability in the five years period of 
measurement is represented in Figure 6.18. In addition, Fig. 6.18 illustrates the 
managerial and administrative actions that were carried out in the same period, 
as a result of benchmarking implementation. Figure 6.19 illustrates the 
managerial actions, but with the improvement of the company's value of work 
done. These managerial actions are summarized as follows: 
- Establishing new strategies to increase work outside Egypt 
- Developing and improving information systems 
- Benchmarking implementation 
- Developing and up-grading training 
- Participation in international conferences 
- Real estate investment 
- Improving estimating and tendering systems 
- Increasing joint venture contracts 
- Developing quality systems 
- Developing health, safety, environmental regulations 
- Accreditation to ISO 9000 (10% of company's branches) 
- Linking information systems with data bases 
- Increasing market share 
from private sector 
- Increasing volume of work abroad 
(30 branches) 
- Strategies to partnering and allies 
- Networking among branches/departments 
C: wU'^(`C` 150 
i O 
5 
J 
( uo! I! w 31 ) euoa IOM Jo enden 
i5' 
(7) 
0) 
Co 
0) 
Co 
O) 
ti 
0) 
ti 
C 
(O = 
JE 
L0 
0) 
U) 
C) 
0) 
O) 
M 
0) 
O 
t0 
H U- 
N 
v 
P 
v 
ÖÖÖÖÖÖÖÖÖ 
tý dam' 
MMNN to 
p N Oý 
00 
M 
00 N kr1 v) C M M - O le 
00 
l 09 CD 
p 
0? 
-4 
Cl M M 
(ý 
Oý 
M C> N %M 
Ilt 
M 
00 00 vi ý7 
O\ N lt l- 
p 00 Cr) 
in 
t4 M --1 N CD Ilt M 10 M 
a Cl) 
v 
te 
- 
d 00 Oý C 
an tz N M M 
' d% 
N 00 I7 08 N N N 
c> 
O 00 
N N 
pý 
ýD 
C> 
N 
le 
N 
C> 
00 
- 
N M N 
Iý? 
O O 
M N N N N 
O' 
L 
2 O 
. ' ü 
fC 0 - W 
o C 10 
C 
' 
J V O 1Z ý .., 
o J C ra c 
a 
C 
ä 
oe C 
_ 
C 0 
W Ö Ö 
o p >" ' ' c m ý ' c W ' c 
(° W ... 
40 
C 
Ö 
,.. 
4- 
ý' L 
ý° 
'L 
2.. 
0 ' 
- 
L 
a , >r - 
° ° 
-v 
O 0 
O v t " - 4 
w ' C N 
2 131 v N rn 4- 
2 -0 N m Q) 
'or' ý 'a 
O 
ü , 
Y m C 
° tu 
L Ö 4- ö tu 
C " a C w C C C 
. - 0 ö 
> 
ä .' 
- 0 U 
E 
a U 
M 
Co 
oN 
C' 
ü 
L 
C 
U) 
rl 
11 
C' 
a' 
C' 
L 
a, 
a, 
f0 
% 
2 W 
V 
n 
W 
Z 
T. 
151 a 
i 0 
LLB 
J 
In 
O M 
Uli 
NI r 
m Ö is 
N L Zi 
d , 2l 
21 
Vf 
ß ++ Ö cc 
m1 N le 
ÖV ON 
C ca 
M 
N 
M 
ö ö ö ö ö ö 0 0 
Co to et C') N 
UOIII! ua"3-1 ) euoa )IjoM Jo enden 
0 
L 
_a) 
, 
00 13 
Qi ,I IA 
or" 
via 
00 >1 (7) vh ui P- 
C) C 
DMMMM 
0 
0 
L 
O 
4) o 
m 
C 
UL 
v 
UmC 
rn E 
L 
IL 
LO c ß 
I-ft Q 
40 
0) E O 
V 
w O 
-rA 
I 
ß 
ýQ 
fa O 
. -I 
tÖ 
x V" 
u-i 
m 
Q 
S 
1516 
i G 
S 
J 
( uoiIiw-31 ) euoa )IjoM jo amen 
152 
O) 
O) 
Co 
(7) 
GO 
O) 
P- 
(7) 
ti 
O_) 
CO C 
0) 
ß 
td 
CO C 
O) jL 
t') 
Q) 
O) 
O) 
O) 
M 
O) 
rq 
rl 
H 
öööööööööö 
CD LO LO 
Co U) UAL') 
It qq 
MMNN T-- 
i C 
LLI 
J 
O r 
O M I 
- - O 
O 
Co 
ZO 
16. 
-0 T: 
z3 N Oj 00 
Co O; 'lt 
Ö N 
C ea 
00 
O 
ýN 
N 
o00000o0 
ööööööö 
ti Co U) et MN 
( uoI11! w"3-1 ) auoa IaoM 10 anlen 
152 a 
0 
O) 
Co 
O) 
Co 
C) 
is 
0) 
ti 
Q) 
L 
O) 
tß 
t0 
Oý jL 
Iftft 
O) 
C) 
M 
O) 
ü 
iý+ 
0 
L 
J2 
Q 
ca 
. 1. I 
CL 
cn 
ui 
C 
MEN 
0 
. ýC L 
0 
w oC 
0 somm 
to ra >= .. C 
VL 
=O 
ß 
E L 
O 
a 
a E 
O U 
O 
In 
C 
a 
 N 
kp 
 7 
I 
Q) O) 
Co 
(7) 
d 
ß 
C C) 
V 
L 
C) 
0 
Ö 0 
Ö000 
0ÖÖÖ 
to qe 
dÖ 
CO to N 
r 
Ö 
Ir» 
ö 
T- \° oö0 \ \o \° 000 
L9MOJ 9 Jo eiei an i; e in wn3 
Co 
Q) 
O) 
CD 
O) 
(D 
0) 
L) 
0) 
O) 
0) 
M 
Oa 
L 
a) 
. 
C. ) 
C 
LL 
O 
rLn 
^ 
Vc 
4- 0 
O 
m 
m 
OO ý dd 
Ithi 
4W 
m 
m (L) 
E 
.^ 
3 
V0 
C, 
f0 ý 
E 
CY, 
ýM 
&M 
ä> 
O Uc 
Ö 
.C 
>I C 
ää 
LO ý 
1ý 
LI- 
N 
1 
153 
d 
0) 
ß 
i 
t-) 
L 
C) 
a 
O) M 
Ii 
3 
'd' 
Co Oý 
ea O 
ti 
0 pOOOO0000 
OOOOOOOOOQ 
(D qe c4 CD CX) Co 
c4 
Co>" C. 4 
öööö0000 
uIMOJ9 JO ajeN OAIleinwn3 
0) 
O) 
Co 
(7) 
CO 
0) 
ti 
0) 
ti 
0) 
to 
Co O) 
to 
0) 
to 
a) 
O) 
O) 
M 
O) 
MM 
O 
C 
0 
w 
ß 
m 
t 
O 
rLý 
O 
cu 
15 
L 
E 
LL 
"" 
V 
C 
fa E 
L 
L 
a 
C ýa a E 
0 V 
w O 
f0 
N 
t0 
I 
C 
O 
4+ 
R 
C 
ää 
W 
"ý 01 
O 
Oý 
YL 
Öý 
C 
15 
LL. 
C 0 
a) 
1a m 
.. 
N 
d 
7 
A 
N 
ti 
Q 
153 Q. 
4) 
co 
ß 
i d 
v 
L 
0) 
a 
O0') 
Co Co 
MI 
L 
CV) 
OI 
ßC N 
I 
N 
M 
ýC 
ýL O 
Ö 'ä 
C to 
1°. E 
O Co 1 
0) 
0) 
Co 
0) 
Co 
ti 
0) 
ti 
tC 
Q) 
CD 
O) 
O) 
It) 
0) 
0) 
0) 
M 
(7) 
ö ö ööööööö 
N0 
co tC N 
'r 
ö 
r ööö 
ööö 
giMoi91o a; ej ani; ein wn3 
O 
C 
O 
Co 
000144 ß 
c 
s .° 
ýa 5 
o 
O 
V 
CS°C n 
ýäQQ 
Z Cd Co 
CL. 
3 
jWM 
d1 v "- 01 
veef 
E 0 
ÖO 
In 
"ý m 
ß 
N 
N 
' 
Hb 
Lm 
1 
153 b 
r, 
G) 
ß 
i a, 
V 
a 
O 
%OR to 
O 
" 
,A 
W 
Q 
N 
O 
L. t 
öö 
OOO 
NO 0D 
r e" 
0 
O 
O 
Co 
Ä 
\o 0 
O 
O 
O 
O 
! JOJd 
öýö 
OOO 
OOO 
ONt 
O) 
Q) 
Co 
C) 
Co 
O) 
ti 
0) 
f- 
CL 
(0 cu 
C 
t0 C 
EL 
C) 
U, C) 
C) 
V 
0) 
M 
(7) 
-ij, 14 
O 
A 
a 
V 
C 
f0 
E L 
O 
a 
c m a E 
O V 
O 
C 
a 
m 
6 
LL. 
w X 
w 
Co 
x 
15 It 
C 
0 
sy; uow ied A ! nui; uo3 
0) 
0) 
00 
O) 
00 
P. - M 
ti 
0) 
Co 
0) 
cc 
0) 
U, 
0) 
U, 
0) 
q1t 
0) 
Q) 
M 
Q) 
3 
i. + 
C 
O 
V 
V 
ý. 
O 
ß 15 E 
eg'ý 
.Cd 
la > 
CO 
IUL ß fl. 
E 
0 
V 
w O 
In 
15 
C 
Q 
le 
V4 
t0 
0 
I- 
LL 
N 
X 
m 
2 
155 
4oo 90 o 10 o MMNN Ir- w- 
d 
a 
c as U 
m a 
,. 
uoil3a11oo sa3ionuI 10 A3uai31}13 
156 
O., 
O) 
co 
0) 
co 
O) 
ti 
0) 
ti 
CL 
C 
0) d 
C 
Co C 
i7L U) 
0) 
0) 
q* 
0) 
It 
O) 
M 
O) 
C 
0 
Ü 
H 
v 
0 
C aý 
W 
V 
C 
f0 
E L 
d 
a 
C 
ýa a E 
0 V 
0 
C 
4 
In 
0 
öööööö 
c"c 
0 &0 )O UA O 01 [1 
(0 af It) It) of qe 
C 
4) 
0) 
ß 
C 
V 
L 
Q. 
p_ 
0) ui , Rt 
ß 
d 
0 
------ -- ------- ---- 
\p 
-------- 
Y 
ýC 
M ý 
(D 
> O 
Y 
C 
lý 
m 
---- -------- ---------- - -- M Ö1 i4 
d 
_--- ----------- -- ---- --- 
......... _.. _... 
112, 
ö ö ö 
c*I 
ö 
0 0 p 
O O O O O 
O M N O O 
Co ` le 
Ueapianp Aue8 10 ehe; ueo ied 
0) 
Q) 
Co 
(7) 
V 
co ß 
0 L 
Q) a7 
0 
i ß 
L 
(0 ß w 
(7) G) C 
> ß 
E 
C 0 t 
ß a) 
cc C a 
(D ML 
C) fa 
CL E 
0 V 
0 
O) N 
SEEMS ß 
C 
a 
%0 
Ti qt 
M 
O) 
N 
LLM 
a; 
a 
Co 
15T 
d 
0) 
ß 
a) 
U 
L. 
a) 
a 
ýt 
Co 
i 
i 
ti 
i 
" 
i 
i 
0 
--__- 
ý. 
p 
9) O 
ÖOO 
Ir- 
"sgdao pazliE 
0 
O 
It) 
Co 
i Sad 
O 
O 
0ö 
SUMl 
OO 
It) 0 
ti ti 
D Aq euoa 
O 
t0 
4JOM 
158 
O 
O 
cu 
Joe( 
OO 
If) O 
1! '! ßt9 
ieIue3iad 
Q) 
O) 
00 
0) 
Co 
a) 
ti 
OD 
ti 
0) 
L cc 
C 
C to 
iz 
ui 0) 
I0 
0) 
0) 
a) 
M 
0) 
'O 
LL 
C 0 
J 
O 
sa4 ueiq lie 1 010006 
q rAaA nlao; 3 
"s4dap sa pue 
sad , epue6 
O CC 
(SaPu g0£)I eojqe il. 
toad O9 aoJ , o3 AiepI 
. iopas leiupd w 
buj 
aieq 
saseq e; ep LIMI 't swats 
cý 
saym e *ue wogJo b/00i )0 
10 
suo. 1 lnBw aww! A a' Aýaj 
s 
O 
00 
----- -- -- 
spei 
---- - 
juo n 
--- - 
sw aý 15 :! : 
O 
" (sp iýunoý n. 4nDaxaj Bu! yst, 
" o3 ieuo 
pod 
" Bui ! eJ; Bui 
( 6wß iew4: )uD EI ); uaw tinseaw , 
- -- .. gwMs uw e}u! 6U 
( says eiq s) p eoige ). 
ö 
p00 
NO CO 
TM T- 
00 
0 
O 
O 
t0 
A 
O 
O 
j! I! gej 
\o 
O 
0 
N 
! JOJd 
O 
O 
OO 
OO 
a) 
O) 
OD 
O) 
CO 
Q) 
ti 
0) 
ti 
Q) 
CD 
C 
tC 
Q) i7L 
Q) 
I0 
Oý 
0) 
qe 
O) 
M 
C) 
co 
0 
ci 
LL. 
_M 
k 
a a 
159 
O 
O saypueJq lie 0006 I Jo; uoi; Ipaýýýd CO O LO 
*afoid j 68 ioj "o3-ib Isllns e6 igs! MM3 co 
Q') 
"s; iap / iaypu uq 6uowe ui)aoAgaN 
C 
salbe pue 6uliauped siba; ea; S 
Q 
pueiq 0£) peoage )Iro jo awnlo 6uiseaou 
O 
(sL 
co 
Jow 
L. as aleA'ad *oil aieys ýjew -o: ) ulseaýýuI O 
Ij_ 
ýI3 
" 4ase9 lea NPIM swats S uollewao uI 6unju1l Ö 
Ipue uedwoD jO % OT ) 00 6 OSI o; u ! Te; ipaamb 
suonel Gab IeTuauOoýlnu3' A}aýeS' ylleaHjbuidolaAaa, 
O 
O 
M 
tD 
4SAs A: p . jen 
6u! doIan 
._ V 
C 0 
ß t 
n; uan Ju! o 6uiseaj: )uI ý to S w 
6ui; ewq: pa 6UTAoadWI (7) 
C' 
C 
ß 
Q 
3 praql E 
0 
psi) uorgezi Iea; ua'aa 
0 
w 
! uJalui ui B i; edPIlJed 
ý 
to 
IUleJi D iAOJawi pu DUlaoJaA C 
(bunpewq uag ); ua aJ esk, cuewJoja stpueig O1 
CII) 
u oidw. pue buldolaAa " wa: ýAs uoi euuoj 
sy: )ueJ9 5) peooge )1J M aseai3ui si8a4eJl 
O OOOOOO 
Co 
O 
CO 
0000 
( uouIIuw"31 ) auoa JJoM Jo anlen 
160 
- Establishing a subsidiary company for BOOT projects 
- Accreditation for ISO 9000 (80% of company's branches and departments) 
6.5 CRITICAL AREAS AND OTHER BENCHMARKING BENEFITS 
6.5.1 Critical Benchmarking Areas 
The benchmarking implementation in the company has revealed that the 
following critical areas have to be addressed if an integrated, effective 
approach of performance measurement and benchmarking is to be achieved: 
" being aware of competitor moves and always being able to influence market 
behavior; 
" creating a learning organization and a focus on continuous learning through 
new knowledge and creativity; 
" looking towards some end objectives such as: 
- achieving customer loyalty 
- customer retention " 
- employee satisfaction and retention 
- increased sales and market share 
- improved profitability. 
" establishing understanding of internal and external customer requirements; 
" creating a process for monitoring customer satisfaction levels; 
" measuring what is important to the customer, i. e. quality, cost, time, 
innovation; and 
" establishing process capability and maintaining the standards achieved 
6.5.2 Other Benchmarking Benefits 
The implementation of benchmarking in the company was very effective and 
led to successful and improved performance. In addition to the cbmpany's 
achieved results given above, the benchmarking implementation reflected the 
following factors on the employees' culture and the company's overall 
performance. 
Creating the learning organization. Benchmarking makes organizations seek 
to establish standards way beyond meeting basic requirements and to work 
towards a continuous surge for new ideas, new methods and new ways of 
working. 
Raising competitive standards. Benchmarking is a strategic competitive tool 
and as such it seeks to achieve standards of performance in the market place 
and to raise the internal standards of effectiveness, making them more 
competitive. 
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Inspirations from best-in-class companies. Benchmarking gives organizations 
the impetus and the desire to follow those organizations which are top of the 
league and which pioneer new changes and new innovations. 
Overall impact customer satisfaction. Benchmarking is about external focus 
and it is essential that all exercises seek to enhance the delivery of quality 
levels to the end customer. 
Enhancing knowledge pool. Benchmarking is a practice which encourages 
individuals to learn continuously and to ensure that their knowledge, skills and 
areas of expertise are never obsolete. 
Bringing in state-of-the-art practices. Benchmarking always ensure that 
organizations are not lagging behind and they are always pioneering the latest 
practices that the market demands. 
Keeping the organization externally focused Benchmarking reminds people 
to focus continuously and constantly on the end customer and on market 
demands, and as such, it changes the culture from internal focus to an external 
one. 
Extending employees' creative contributions. Benchmarking encourages 
people to work smarter rather than harder, through constantly asking questions 
related to the practices, their jobs and tasks and to ask why the outputs are 
lower or higher than those of competitors. 
6.6 SUMMARY 
Over a period of five years the performance measures developed have been 
continuously enhanced and used to monitor company performance. This has 
resulted in clear increases in company turnover, profitability, and the quality of 
construction work produced. The benchmarking process has focused on the 
poor performing sectors of the company and enabled appropriate management 
action to be taken. The conclusions from all the research are now presented in 
chapter 7. 
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CHAPTER (7) 
CONCLUSIONS 
7.1 INTRODUCTION 
The aim of this research was to review current methods for measuring the 
performance of contractors' organisations and to identify and implement improved 
methods within the Arab Contractors Company. 
To achieve these aims the following objectives were identified: 
(i) Review existing measures for measuring the performance of contracting 
organisations. 
(ii) Review existing measures of construction quality. 
(iii) Develop performance measures for construction projects 
(iv) Develop quantitative quality measures for construction projects. - 
(v) Develop new performance measures for contracting organisations. 
(vi) Implement new performance measures to evaluate the performance of the 
branches of a large contracting company using benchmarking. 
(vii) Investigate the effect of implementing the new measures and the 
application of benchmarking on the company's overall performance. 
The main conclusions from the research under headings relating to each of these 
objectives now follow. 
7.2 MAIN CONCLUSIONS 
7.2.1 Existing measures for measuring contracting organisations' 
performance 
In today's world-wide competitive environment contracting companies are 
competing in terms of product quality, delivery, reliability and customer product 
and service satisfaction. None ýof these variables are measured by traditional 
financial measures despite their being the major focus of all major companies. By 
focusing mainly on financial variables companies risk the danger that the 
performance reporting system will motivate managers to focus exclusively on cost 
reduction and short term productivity thereby ignoring many of the critical factors 
that ensure long term business success. A more strategic perspective is required, 
one which reports information relating to the specific organisation's market and its 
competitors. The weaknesses of traditional performance measures and the 
changing competitive environment have created a need for organisations to re- 
design their performance measures. A more strategic perspective is required, one 
which reports information relating to the specific organisation's market and its 
competitors. 
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7.2.2 Existing measures of construction quality 
Although there are many definitions of quality the perception of quality lacks clear 
description. Some perceptions of quality have described quality as differences in 
structural stability, precision, durability and, more frequently, appearance. 
Quality, being subjective, becomes a matter of judgement. For a clear perception 
there are a number of aspects that should be considered: function, durability, 
economy, aesthetics and depreciation. These all relate to product quality. Clients 
of construction organisations also demand quality of service. Numerous studies 
have been carried out to quantify the cost of quality in design and construction. 
New measures are needed to quantify the management of construction. There is a 
particular need for quantitative measures of quality that are adapted to suit the 
economic, political, social and technological environment of developing- countries. 
7.2.3 New performance measures for construction projects 
A new methodology to evaluate the performance of construction projects has been 
developed as a result of this research. The methodology, developed in conjunction 
and consensus with ninety one managers and directors, was produced by the use 
of the Nominal Group Technique and the Delphi Technique. Seven measures were 
identified to evaluate project performance together with the relative importance of 
each measure. These measures were: profitability, (30%), achievement of time 
schedule, (25%), quality, (15%), liquidity, (10%), customer satisfaction, (10%), 
continuous improvement, (5%), and commitment to health, safety and 
environmental regulations, (5%). For each of these measures formulae for 
quantifying the measures across a range of construction projects were produced. 
7.2.4 New quantitative quality measures for construction projects 
A major part of the research focused on the development of new qualitative 
quality measures for construction projects. This focus was the result of the 
realisation of both the importance of quality to the performance of the company, 
and the lack of adequate existing measures. 
The project managers produced ten elements to measure quality on construction 
projects. These elements and their relative importance were: quality of execution 
(20.50%); quality of incoming materials (16.67%); efficiency of the inspection and 
testing systems (15.62%); degree of customer satisfaction (12.15%); efficiency of 
the storing systems for materials and equipment (7.29%); continuous improvement 
of quality (7.29%); safety and health regulations (6.94%); accuracy of 
measurement and testing devices (5.55%); quality of equipment work (5.21%); 
and appearance of the staff and project (2.78%). 
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The quality managers also produced ten measures of quality. These measures in 
order of priority with their relative importance were: degree of customer 
satisfaction (19.44%); quality of execution (19.05%); quality of supplies 
(18.06%); efficiency of the measuring, testing, and inspection devices (9.13%); 
product quality improvement indicators (8.73%); progress in the implementation 
and improvement of the quality assurance system - IS09000 - (8.13%); efficiency 
of equipment work and management (6.94%); degree of quality continuous 
improvement (5.36%); level of applying the safety , health and environmental 
plans (2.78%); and efficiency of site planning and the project and employees' 
appearance (2.38%). 
The two produced sets of quality measures were compared and analysed and then 
one set - of final quality measures was produced. The final quality measures with 
the final relative importance were: quality of execution (43%), efficiency of the 
quality system (25%), quality of supplies and incoming materials (21%), 
continuous quality improvement (8%), and appearance of the project and the 
employees (3%). f 
7.2.5 New performance measures for contracting organisations 
These performance measures developed for projects and quality and described 
above formed the basis of new performance measures for the contracting 
organisation. These Organisational Performance Measures and their relative 
importance were: Profitability; (25%), Value of Work Done, (7%), Rate of 
'Energy' Consumption, (3%), Continuity (15%), ý Liquidity: percentage of bank 
overdraft, (10%), Liquidity: efficiency of invoice collection, (10%), Utilisation of 
company resources, (10%), Rate of growth, (5%), and Quality, (15%). These 
organisational performance measures were to analyse, investigate and review the 
performance of all the departments and branches within the company over a five 
year period. Critical areas that have to be addressed if an integrated, effective 
approach of performance measurement and benchmarking is to be achieved 
include: being aware of competitor moves; understanding influences of market 
behaviour; focusing on continuous learning through new knowledge; establishing 
an understanding of internal and external customer requirements; and creating a 
process for monitoring customer satisfaction levels. 
7.2.6 Implementation of new performance measures 
Successful implementation of new performance measures based on benchmarking 
can be achieved in large contracting organisations through the development of 
computer based reporting systems. Management and staff should be consulted 
and their views used to contribute to the final measures adopted, the basis of their 
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calculation. and the weighting attributed to each measure. Development should be 
on an iterative basis with continuous updating and changes to reflect both senior 
management requirements and feedback from the branches. Implementation 
should be piloted in chosen branches and then extended throughout the 
organisation. Implementation should be commenced in conjunction with any other 
changes in the management systems including changes in the bonus system paid to 
managers at all levels. By linking the implementation of the system to these new 
payment structures it is possible to achieve the commitment of management 
throughout " the company. This commitment requires regular meetings at all levels 
to both to educate staff on the basis of the system and agree their input. 
The system should from the outset be considered dynamic with the continuous 
review of both the basis of the formulae used to calculate the key factors and the 
weightings of the factors. This ensures that sufficient data are available to produce 
reports on each of the factors involved together with suggested refinements. A 
Policy Committee should be formed from senior managers throughout the 
company to collate suggestions, specify changes and rank the priority of the 
amendments required. Agreement for these enhancements should then be finalised 
at quarterly meetings of senior management. Such an implementation strategy 
continued throughout the life of the system will minimise resistance to change 
7.2.7 The effects of implementing the new measures and the application of 
benchmarking on the company's overall performance 
The implementation of benchmarking in the company helped enable the value of 
work completed by the Arab Contractors Company in Egypt to increase over an 
eight year period by 131.4%. During the same period the profitability increased 
from 1.60% to 11.10% an increase of 593.75%. In addition to these results several 
other benefits were gained including: creating a 'learning organisation'; raising 
competitive standards; enhancing the knowledge pool of the company; the 
introduction of new practices; making and keeping the company externally 
focused; and extending the employees' creative contributions. 
7.3 RECOMMENDATIONS FOR FURTHER WORK 
7.3.1 Implementation of the performance measures in different types of 
construction organisation 
The performance measures developed in this research have evolved through 
continuous development in one organisation, Arab Contractors Co. Ltd. over a 
period of five years. This company is one of the largest construction organisations 
in the Middle East employing some 55,000 employees. The company is divided 
into a number of different branches and divisions and covers the complete range of 
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building and civil engineering work. The research and the use of the performance 
measures has identified the need for the continuous development of the metrics 
adopted if the overall company performance is to be maintained. As the 
company's business activity extends globally, (they currently have construction 
work in Eastern Europe and Africa), and into new forms of construction projects it 
will be necessary to review the measures and the weightings adopted. 
7.3.2 The evaluation of the performance measures in both developing and 
developed countries. 
This research has focused on the development of performance measures for a large 
construction organisation in a developing country. There is an extensive_area of 
research that could be undertaken in the comparison of the measures produced 
with those currently being developed by construction organisations in developed 
countries. 
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2. SENIOR MANAGERS' QUESTIONNAIRE 
" The questionnaire 
" Notes and Remarks by senior managers 
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QUESTIONNAIRE FOR SENIOR MANAGERS 
Determination of Project Performance Measures 
Senior Managers' Opinion 
The project performance measures listed in the attached table 
and their relative importance are the consensus opinion of the 
company's project managers. 
Please read the measures, their relative importance, the 
constituent elements of each measure, and then do the necessary 
modifications, if any, on the same table as follows: 
1) Modify the measures by adding or canceling any measure 
2) Modify the relative importance (weight) of any measure, 
(note that the total weights of all the measures should remain 
equal to 100) 
3) Write your notes on the measures and their relative 
importance 
4) Write any general remarks at the bottom of the page 
Thank you for your cooperation 
,> 
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Project Performance measurei and their elements from the point of view of project managers 
Subject: Determing the project performance from the point of view of project managers 
1 
Company: The Arab Contractors Participants: Project Managers 
No. Measures Elements 
1 Profitability & minimizing losses Profitability 
Comparing the client prices with the sub-contractors 
Minimizing losses 
Calculating Profitability without discounting direct expenses 
2 Cash Liquidit " Efficiency of collection 
Percentage of the amount calculated to the workdone value 
Percentage of Bank Overdraft 
Speed of the project department to increase the credit for the project 
Speed of ending the necessary papers of the project 
Percentage of the expenses to the size of work, 
Liquidity 
3 Quality Product Quality 
Abiding to the technical specifications 
Accuracy of data recording 
Accuracy in choosing the sub-contractors 
Appearance of the project and the employees 
Efficiency of organizing documents 
Evaluating the performance of the sub-contractors ... 
Internal auditing for quality 
4 Extent of Achieving the time schedule Percentage of actual work to the planned 
Degree of relating the stock to the time schedule 
Minimizing the time schedule. 
Matching the need plan to the time schedule 
Percentage of the actual to the planned 
DgWdiasrrwonmmsn gwn*nVto :ý b-11 
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Project Performance measures and their elements from the point of view of project managers 
Subject: Determining the project performance from the point of view of project managers 
Company: The Arab Contractors Participants: Project Managers 
No. Measures Elements 
{8 Distributing the value of workdone Percentage of self Execution 
Degree of using the specialized departments 
S9 Innovation and constant improvement Existance of a training program for the employees 
Using the latest methods of execution 
Speed of solving the problems and decision making 
Simplifying the execution-methods 
How conveniant is the execution methods to work 
10 Degree of customer satisfaction Client evaluation 
Degree of gaining the client's trust and satisfaction 
Degree of the cooperation with the consultant 
Degree of efficiency of employees working with the client 
Degree of applying the safety, health 
and environmental regulations 
Degree of Abiding to the environment law 
Degree of applying the health and safety regulations 
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Table (B. 2.3) Projects' Performance Measures and their relative 
importance from the point of view of Senior managers 
No. Measure Relative Importance (%) 
1 profitability 15.750 
2 Technical & Administrative Efficiency 13.000 
3 Degree of achieving the time schedule 13.500 
4 Resource Utilization 12.313 
5 Quality 10.750 
6 Cash liquidity 9.750 
7 Continuos improvement 6.0625 
8 Degree of employee satisfaction 3.875 
9 Applying the safety, health & environmental regulations 4.750 
10 Satisfaction of the external customer 4.625 
11 Distribution of the value of work 
done (self, specialized 
departments, sub-contractors) 
4.438 
12 Documentation 0.250 
13 Appearance of the project site 0.188 
14 satisfaction of subcontractors 0.125 
15 Efficiency of the technical office 0.625 
Total 100 
Din d Id opna/marv*qwnw*jd* B-16 
. o- 
APPENDIX (C) 
(Ref. Chapter 4) 
DETERMINATION OF QUALITY MEASURES FOR 
CONSTRUCTION PROJECTS 
PARTICIPANTS DETAILS 
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APPENDIX (D) 
(Ref. Chapter 4) 
TABLES TO CALCULATE QUALITY MEASURES FOR 
CONSTRUCTION PROJECTS 
Table (d) Evaluating the Quality Measures 
Table (d-1) Measuring the Quality of Execution 
Table (d-2) Measuring the Efficiency of the Quality System 
Table (d-3) Measuring the Quality of Supplies and Income Materials 
Tables (d-4-1) & (d-4-2) Measuring Continuous Quality Improvement 
Table (d-5) Measuring the Appearance of the Project & Employees 
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APPENDIX (E) 
(Ref. Chapter 6) 
IMPLEMENTATION, ANALYSIS, 
AND REVIEW OF RESULTS 
IMPLEMENTATION RESULTS 
(TABLES & FIGURES) 
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Ref. CHAPTER (6) 
IMPLEMENTATION, ANALYSIS, 
AND REVIEW OF RESULTS 
Analysis & Review of Results: 
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Analysis & Review of Results 
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Evaluation Chart 
256 
METHOD OF FORMING EVALUATION CHART 
A- Method of distributing the central angle of the circle 
I- The central angle of the circle = 360 c 
2- The central angle is being divided into several angles with the same percentage of distributing 
the evaluation items' weights . 
a-The angle of the item of work done =7x 360 = 25.2 
100 
b- The angle of the item of rate of utilizing of capacity = 3-x 360 = 10.8 
100 
c- The angle of the item of value added = 10 x 360 = 36 
100 
d- The angle of the item of rate of growth =5x 360 = 18 
100 
e- The angle of the item of profitability = 25 x 360 = 90 
100 
f- The angle of the item of continuity = 15 x 360 = 54 
100 
g- The angle of the item of efficiency of collecting = 10 x 360 = 36 
100 
h- The angle of the item of percentage of overdraft = 10 x 360 = 36 
100 
i- The angle of the item of quality = 15 x 360 = 54 
100 
3- From the above , the circle will be distributed into several sections according to angles 
Dvaafaalang. asnrail2AS 
254 
B- Method of calculating radius of any sector of evaluation item : 
I- Assume that radius of the circle =R 
2- Therefore , radius of any sector according to max. weight =R 
3- Assume that radius needed to be calculated for any sector of evaluation items = R1 
4- Sector total area =e R2 , from this we can calculate sector total area to any sector of 2 
evaluation items sectors by knowing the radius & the angle being calculated 
5- Area of the sector needed to be calculated according to any item of evaluating items 
=0R21 since 0 is constant for the sector 
2 
6- Area of the sector needed to be calculated according to any item of evaluation item 
= Sector total area X 
. From the previous, 
Branch's item weight 
Total weight for the item 
6 R21 =0 R2 Branch's item weight 
22 Total weight for the item 
_R21 
=R 2 Branch's item weight 
Total weight for the item 
_R1=R 
Branch's item weight 
Total weight for the item 
R1 =R Score 
Total weight for the item 
s5F 
Method of forming evalution chart 
Heiwan branch 
Quarter (3) cumulative from 1/7/98 to 31/3/99 
* Radius of circle =R=5 cm 
* R, =R Branch's item weight (score) 
Total weight for the item 
1- Rl =5 X4 = 4.33 cm 
(work done) 7 
2-R1 5X 2.3 =4.38 cm 
(rate of energy) 3 
3 -Rl= 5x 10 =5 cm 
(value added) 10 
45J T84 = 3.03 cm 
(rate of growth) 5 
5-R, =5 FO = 4.55 cm 
(profitability) 
6-R1= 5q 15 = 5cm 
(continuity) 15 
7 -R1= 5X 9.75 = 4.94 cm 
(efficiency of collecting) 10 
$ -Rý= 5X 6.96 =4.17 cm 
(p. of overdraft) 10 
9- R1 =5X 11.63 = 4.4 cm 
(quality) 15 
(c: )safaa/eng. ashret I 
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